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Abstract
The contemporaiy Food Supply Chain (FSC) provides consumers with convenience, extensive 
choice, and year-round availability of fresh produce. In this dissertation these achievements are 
recognised within the context of the associated external environmental, social and economic 
impacts.
These benefits have been achieved through the modernisation of agriculture, the provision of 
road transport infrastructure, a concentration in the retail sector, and a commitment to 
international free trade. These are changes that have all occurred in the last 50 years and have 
resulted in the spatial expansion of the food system. The global sourcing of food produce, 
centralised distribution systems and shopping by car have all contributed to an increase in the 
distance between producer and consumer or ‘food miles’. Many of these transport stages are by 
road and ship, which are modes of transport which result in significant ‘external’ social and 
environmental costs. The influences on the transport intensity of the sourcing and marketing 
systems for fresh food products are discussed, including trade, agricultural, planning and 
transport policies, as well as the sourcing and locational policies of multiple retailers.
In choosing a fresh product (apples) which is available throughout the year in Britain, it is 
possible to compare the environmental impacts of the transport systems of globally sourced, 
British and locally grovm products. A life cycle analysis based technique - means/end analysis - 
is applied to determine the environmental impacts associated with all possible ways in which 
apples can be sourced, distributed and marketed. In this way the systems which most closely 
approach the criteria for sustainable development are determined as a first step towards 
developing a sustainable food system. The main criteria used to indicate environmental 
sustainability are the energy and material (or thermodynamic) throughput in the life cycle of a 
product; in environmentally sustainable systems this throughput is minimised.
Analysis of the empirical data shows that transportation is now responsible for a considerable 
fraction of the total energy consumption and pollution in the life cycle of fresh food products, 
and in most cases exceeds the energy required to cultivate fresh finit and vegetables. The 
transport-related environmental impacts associated vdth fresh produce were foimd to increase as 
the distance between producer and consumer increases; and the hypothesis that minimising the 
distance involved in distributing fresh food products also miniitlises the life cycle environmental 
impact was confirmed. Also, by developing local production and marketing systems for fresh 
produce the transport deniand associated with fresh finit and vegetable sourcing, distribution 
and shotiping can be reduced, and many of the external environmental impacts associated with 
existing sourcing and distribution systems can be avoided.
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CHAPTER 1; INTRODUCTION
1.1 Introduction
In industrialised countries such as Britain, the public have come to expect the availability of an 
extensive range of relatively cheap food all year round. In this respect the contemporary food 
supply chain  ^ (FSC) is a success. Food production, distribution and retailing systems have 
undergone great change over the past 50 years to make this availability and choice possible; and as 
a result there are fundamental differences between the contemporary food system and its 
counterpart following the second world war. When it is considered that food rationing continued 
until 1955, then the extent of the transformations within the food system in the four decades since, 
which have enabled access to the quantities and varieties of food products now available, becomes 
apparent. Out-of-town superstores^ with trading floorspace of several thousand square metres, 
stocking several thousand product lines, are now commonplace. Ready-to-eat meals, frozen 
products and other convenience and pre-processed foods have been developed through the 
apphcation of innovative preservation techniques and packaging technology, and have been 
extremely successful. The availability, range and source o f fresh fruits and vegetables has also been 
extended, with exotics such as star fruit, mangoes and okra^ as well as indigenous varieties of fruits 
and vegetables which are not, or cannot be, grown throughout the year in Britain, now imported in 
large quantities (MAFF, 1998). The FSC is now synonymous with convenience, choice, efficiency 
and the year-round availability of both fresh and processed produce. This situation has arisen out of 
four developments: the modernisation of agriculture; a commitment to free trade; the provision of 
road transport infrastructure and low transport costs; and the emergence of the multiple retailers 
which increasingly co-ordinate the production, processing and distribution of food products (Lang 
and Hines, 1993; Paxton, 1994; Whitelegg, 1993 and 1994). As a result o f these changes the food 
supply chain has evolved into a complicated system comprising several heavily interdependent sub­
systems (Kooijman, 1993).
The food supply chain has also received considerable attention in the last few decades. The 
concerns have been economic, environmental and social and have been directed at all aspects of the 
food system including food safety, the ecological consequences of intensive agricultural production, 
the demise of small independent grocers and increasing competition from cheap imports of food 
products. The way in which food is produced, sourced, distributed and marketed has increasingly 
been a focus of attention for consumers, environmental groups, politicians and the food producers - 
the farmers and horticulturists - themselves. There is a growing recognition that there are significant 
environmental burdens associated with the systems of agricultural production and the food 
packaging, distribution and marketing systems which have evolved (CoweU and Clift, 1996; Lang
* The Food Supply Chain (FSC) comprises all of the stages (subsystems) involved when delivering a food product to 
the consumer (and the subsequent waste management processes). In terms of an individual food product, the FSC 
will, therefore, involve one or more of the following functions: agriculture; sorting, processing and packaging; 
retailing; consumption; and waste management as well as all of the transport stages which link these subsystems, 
as they are often geographically dispersed. All of the inputs into these subsystems (and the associated 
transportation) are also components of the FSC, for example, the manufacture and supply of fertilisers and seed to 
agriculture and the production and distribution of plastics and metals for packaging. The number of stages involved 
when moving a product to the consumer is described as the product life cycle and the number of transport stages is 
referred to as the transport life cycle of a particular product.
 ^ The Department of the Environment classifies supermarkets as having a trading floorspace of less than 2,500 
square metres and superstores as retail outlets with a floorspace greater than 2,500 square metres, and separate 
retail outlet locations into edge-of-centre sites, out-of-centre, out-of-town and town centre stores (DoE, 1996b).
 ^ Star finit are imported from Brazil and Israel, mangoes from The Caribbean, Africa and South America and okra 
from Kenya, Cyprus, India and the West Indies. Other, more familiar finits and vegetables also involve transport­
intensive distribution, for example, grapes are sourced in South Africa, Chile and Spain; sweet com arrives from 
Canada, the U.S.A and Hungary; onions from Australia and New Zealand; and melons which are sourced mainly 
in Brazil, Israel and Spain.
and Hines, 1993; Paxton, 1994; Pretty, 1995); and many of these environmental impacts associated 
with the food supply chain are referred to as ‘external’. External environmental and social costs are 
those costs which are not experienced or borne by the agents involved in the transaction. The 
external environmental costs of food distribution (transportation) include air pollution, the loss of 
biodiversity and amenities through road construction and the environmental impacts associated with 
the extraction and use of crude oil and other resources required for transport fuel, vehicle 
construction and transport infrastructure. Similarly, agricultural, horticultural, and food-processing 
and -packaging systems consume resources and produce solid and liquid wastes and air pollution 
which can result in negative ecological and human health impacts which are also classed as being 
‘external’ environmental and social costs. It is these ‘external’ costs of the FSC that will be the 
subject of this thesis.
The focus of the empirical analysis is the transport-related environmental impacts associated with 
the sourcing and distribution (including shopping-pattems) of fresh fruit and vegetables, with 
dessert apples chosen as a specific example. However, the changes in horticultural production and 
retailing over the last 40 years have had an impact on the transport intensity of the FSC and the 
relationship between these three areas of the food system will be explored. The main research 
question to be addressed in this thesis can be summarised as follows:
to determine the transport-related environmental impacts associated with all o f the ways in 
which fresh dessert apples can be sourced, distributed and marketed in Britain,
A comprehensive list of the research objectives of this thesis is provided in section 1.7.
Dessert apples were chosen as the subject of this dissertation for the following reasons:
• Apples imports have increased steadily over the last thirty years and UK apple-production, both 
commercial and non-commercial, has declined. Imports now constitute over 80% of UK apple 
consumption.
• In the 1990’s the British dessert apple sector has experienced a ‘crisis’ and producers have been 
given the option of ‘grubbing-up’ their orchards by receiving a European Union (EU) grant 
(HCAC, 1995).
• Dessert apples can be grown in all areas of Britain and through the cultivation of different 
varieties, thus providing a succession of apples from early summer to the following spring. 
Through the application of traditional and modem storage techniques, indigenous output could 
meet British demand"  ^(Morgan and Richards, 1993).
• On average more apples are consumed per person per week than any other fresh fi^it product 
(HFS, 1994). Apples are also the UK’s top selling finit by value, with 23 per cent of the UK finit 
market in 1997. In 1996 consumers spent £562 million on apples (Hoskins and Lobstein, 1999).
• There are over 2300 varieties of apple which can be grown in Britain, but as a consequence of 
supermarket criteria, technological changes and the sheer scale and move to specialisation in the 
modem commercial apple industry, only about a dozen types are now available at greengrocers 
and supermarkets^ (Pennell, 1998; Morgan and Richards, 1993).
• The methodology applied in this analysis required that the product could be home-grown; 
produced commercially in Britain or imported; and distributed and marketed via a traditional
Further information is provided in Appendix 1.2.
 ^In 1996 ten varieties account for 92 per cent of the UK dessert apple crop area. The three main UK dessert apple 
varieties, Cox’s Orange Pippin, Worcester Pearmain and Discovery, accounted for 74 per cent of the UK’s dessert 
apple output (in tonnes) in the 1996/97 crop year. Between 1970 and 1997 the crop area of traditional apple 
varieties (such as Katy and Laxton Superb) was reduced by 89%. A survey carried out for the SAFE Alliance 
discovered that between 4 to 21 different varieties of apples were available at UK supermarkets in 1998 (Hoskins 
and Lobstein, 1999).
wholesale market and sold in a greengrocer’s or a street market, via a regional distribution 
centre of a multiple retailer and marketed in a supermarket, or distributed through a home 
delivery scheme in the form of a fruit and vegetable box scheme. Apples satisfy all of these 
criteria.
• Apples and apple orchards are part o f the cultural heritage of Britain and have been cultivated in 
Britain ever since the Roman invasion (Somerset County Council, 1998).
1.2 Problem Areas: The trends in the cultivation, sourcing, distribution and marketing of 
fresh food products and the effect of these trends on the transport intensity of the FSC.
Agricultural modernisation set out to improve both productivity, that is yield per acre, and 
efficiency as measured by yield per unit of human labour, in order to achieve food security. Since 
the second world war productivity has escalated and efficiency has increased exponentially 
(Goering et al., 1993). The emphasis on ‘efficiency’ and ‘productivity’ emanate from the 
Agricultural Act of 1947 which has resulted in half a century of the application of industrial 
practices to food and farming (Lang, 1996). Improvements in productivity and efficiency have been 
achieved by replacing human labour with machinery and through the application of high levels of 
external energy and resource inputs (Pretty, 1995).
Agricultural production was the first area of the food system to be analysed, on the basis of fossil 
fuel consumption, owing to concerns about its energy intensity following the fourfold rise in the 
price of oil as a result of the Yom Kippur War in the Middle East in 1973 (Blaxter, 1975; Brown 
and Batty, 1976; Hirst, 1973; Leach, 1976; Oldabode et al., 1977; and Steinhart and Steinhart, 
1974). Before these analyses there were already concerns about the human health effects and 
ecological damage resulting from the use of pesticides (Carson, 1962). The social and 
environmental impacts of modem intensive farming systems are now well-documented (Clunies- 
Ross and Hildyard, 1992; Conway and Pretty, 1991; EC, 1985 and 1997; Goering et al., 1993; 
OECD, 1993; Pretty, 1995; Weizsacker, 1994). Nevertheless, high levels of external inputs in the 
form of machinery, fiiel, pesticides and synthetic fertilisers to increase yields in modem high input 
agriculture continue. Agricultural systems which are dependent upon high levels of extemal energy 
and resource inputs have an environmental impact which is substantially greater than low energy 
input or organic systems^ (EC, 1997; Pretty, 1995). However, in 1997 organic farming systems 
accounted for less than 1 per cent of commercial agricultural production in Britain (MAFF, 1998).
In agricultural systems the substitution of extemal energy sources and other resources for locally- 
available ones includes fossil fuel consumption in the production of machinery, pesticides, plastics 
and fertilisers and the direct consumption of fossil fiiels on the farm. Agricultural systems in 
industrialised countries are now a large user of energy and resources (Andersson, 1993). The 
Organisation for Economic Co-operation and Development (OECD) has estimated that the energy 
consumption per hectare increased by 39 per cent from 1970 to 1989 in OECD countries (Pretty, 
1995).
The environmental impacts of agriculture, therefore, include the environmental burdens associated 
with the use of fossil fuels, both on the farm and in the manufacture and supply of all extemal 
inputs. Additionally, the use of pesticides and synthetic fertilisers also results in environmental 
impacts: some 30 to 80 per cent of applied nitrogen in the form of synthetic fertiliser and significant
® Figures 1.1 and 1.2 show the results of several analyses which confirm that organic and low-input agricultural 
systems are more energy-efficient than high-input agricultural systems. The environmental impacts of high-input 
agricultural systems are also greater because fossil fuels supply the energy for both direct and indirect inputs. For 
example, the fiiels used on the farm and the energy used in the extraction and processing of the raw materials 
required for pesticides, machinery, plastics and metals and synthetic fertilisers and in the manufacture and 
transportation to the farm of these extemal inputs.
but smaller amounts of applied pesticides are lost to the environment to contaminate water, food, 
fodder and the atmosphere (Pretty, 1995). Agricultural modernisation has resulted in larger and 
more specialised farms with larger fields for larger machinery, and fewer agricultural workers. In 
the last 40 years Britain has lost 224,000 kilometres of hedgerows as farms have been enlarged and
340,000 agricultural jobs have been lost since the 1940’s. The loss of hedgerows has an 
environmental impact in terms of biodiversity and habitat loss. By replacing farm workers with 
machinery the environmental impacts of agricultural systems increase due to the environmental 
burdens associated with the manufacture, maintenance and direct fuel consumption of farm 
machinery.
It is not the direct impacts of intensive agriculture that will be analysed here but the consequences 
of a move in horticulture, and in apple production in particular, to specialisation; the selection of 
only a few varieties; and to large-scale production (including production solely for export) on the 
transport-intensity of the food supply chain’. Historically, there has been a close relationship 
between developments in agriculture, transportation and transport inJfrastructure and the spatial 
distribution of the food system. The canal, rail and later the modem road network in Britain have 
enabled the distribution of food products to distant markets; and food imports became a significant 
proportion of domestic consumption only when international shipping became easier, costs fell and 
refiigerated shipments were introduced (Lang and Hines, 1993). Accompanying these 
developments in transportation has been a gradual move fi'om local to national and then 
international sourcing of fi*esh produce, including dessert apples. One objective of this dissertation 
is:
to look at the changes in the cultivation, sourcing, transportation and retailing of dessert apples 
over the last two hundred years which has culminated in the situation described below,
1.3 Problem Statement
In Britain in 1993 the food trade deficit had risen to £6.7 billion, with a large proportion o f imports 
accounted for by trade with countries in the European Union which have similar climates to the UK 
with many not having the water supplies which we have in Britain (Paxton, 1994). Fresh finit and 
vegetables accounted for 42 per cent of this deficit, at £2.8 billion, including apple imports 
amounting to £184 million. The UK Government’s response to this trade gap has been to 
encourage more UK exports, rather than encourage import substitution and question imports of 
food products which “could perfectly simply and efifectively be grown here” (Lang and Hines, 
1993).
The decline in UK agricultural production and increased imports of foodstuffs is exemplified by the 
case of the fi-esh apple sector since the 1960’s. Imports of apples doubled between the crop years of 
1965/66 and 1997/98 and over the same period the UK cropped area (measured in hectares) of 
dessert apples fell by a third and UK apple production (measured in tonnes) fell by a quarter 
(MAFF, 1998)^. UK apple producers have been encouraged to stop production by receiving an EU 
grant to ‘grub-up’ orchards; and in Britain imports now represent over three quarters o f the dessert 
apples consumed each year. Apples are a product for which all UK consumption could be met by 
British production, by the widespread cultivation of a number of varieties, which can be harvested 
at different times of the year (to provide a succession), and by applying traditional and modem
 ^ It should be remembered that the agricultural system is only one of seven possible components of the food supply 
chain (Figure 1.3). Although the environmental burdens associated with the agricultural system may be 
considerable, agriculture may only contribute a small fraction of the total environmental impacts of the food supply 
chain. This point will be discussed further in the following sections and in detail in sections 1.4 and 1.5.
 ^In the year in which the data was collected for this analysis the UK imported 417,207 tonnes of dessert apples (see 
Figure 1.9).
storage techniques^ (Pennell, 1998). Concern is rising about the UK food trade-gap, the rural 
economy and dependency on imports as “experience shows that food security is not just an issue of 
balancing trade accounts” (Lang and Hines, 1993).
The House of Commons Agriculture Committee has placed the problems facing British commercial 
apple growers of recent years within a context of long-term decline; in 1995 The British 
Independent Fruit Growers’ Association stated that current British apple and Pear production, at 
about 30 per cent of domestic consumption, was “dangerously near the level at which the industry 
will no longer be viable and, therefore, unable to support its existing infrastructure” (HCAC, 1995).
“Apples, in particular, and pears, are most closely associated in the public’s mind with British horticultural 
production, and it is precisely this sector of the horticultural industry which has been going through the 
leanest time recently. In 1992/93 the net farm income of specialist fruit producers was negative, and a grower 
in the Wisbech area whom we visited in the course of our inquiry, whose production was split equally 
between culinary and dessert apples, told us that 1993 had been the worst year ever for his business” (House 
of Commons Agricultural Committee (HCAC, 1995).
Since this time UK apple production has continued to decrease and imports have increased. As the 
spatial distribution of the apple supply system has been extended the distances involved in 
transporting apples from orchard to consumer have increased, as have the number of stages in the 
distribution chain. In transporting imported apples to the consumer in Britain there can now be up 
to six transport stages, two of which are associated with the movement of apples up to a British 
port; distribution within Britain via distribution centres for both British and imported apples 
involves a further two transport steps followed by shopping and transport of any waste to landfill 
(Figure 1.4). In almost all cases these six transport stages consume fossil fiiels through shipping, 
distribution by truck, shopping by car and the movement of food waste to landfill sites by trucks. In 
chapter 3 the energy consumption of these modes of freight and personal transport will be estimated 
and compared, and the transport-related environmental impacts associated with apple sourcing and 
distribution will be discussed.
The increasing transport intensity of apple distribution reflects the transport intensity of the modem 
food supply chain. For example, I have estimated that the transportation associated with all food 
produced in the UK (as well as all UK food imports) in 1992/93 accumulated 137-142 billion 
tonne-kilometres and consumed 145-163 million gigajoules (GJ) of fossil fuel energy (Figure 1.5).
The transportation associated with the modem food supply chain can be divided into three areas: 
intemational trade, distribution within Britain, and post-retail transportation.
1.3.1 International Trade
Cowell and Clift (1996) have estimated that importing food products and animal feed to Britain in 
1992 involved transportation by sea, air and road amounting to over 83 billion tonne-kilometres, 
consuming 50 million giga joules of energy which required a billion litres of fuel. This is equivalent 
to almost 0.8 per cent of all energy consumed in Britain in this year and in terms of tonne- 
kilometres is double the figure for food freight movements within Britain (Figure 1.5). When annual 
world trade is considered, the direct environmental impacts associated with the fossil fuel 
consumption and air emissions of all transportation involved are considerable: trade-related 
transportation has been estimated to account for one eighth of world oil consumption, with the four 
billion tonnes of freight transported on ships in 1991 consuming as much energy as was used by 
Brazil and Turkey combined in that year (Lang and Hines, 1993). The energy consumption of 
intemational transportation for an individual food product has also been calculated by Kranendonk
 ^Further information is provided in Appendix 1.2.
and Bringezu (1993) for orange juice imports by Germany from Brazil and America (Figure 1.6). In 
this study one objective will be:
to quantify the annual transport-related environmental impacts o f imports of dessert apples to 
Britain,
To reduce the transport-related environmental impacts of intemational trade in food products 
Cowell and Clift (1996) have looked at the possibility of import substitution by converting all 
agricultural output in Britain for national consumption. Gamett (1996) and Paxton (1994) have 
gone one step further and assessed the possibility of Britain becoming self-sufficient in food by 
sourcing food products locally^ ®. This would involve growing food on land which is at present not 
described as being agricultural, including cultivation in towns and cities by the use of parks, 
gardens, brownfield sites, car parks and roof top space as well as traditional agricultural areas. In 
terms of national self-sufficiency and local sourcing the objective here will be:
to investigate the potential for national self-sufficiency of dessert apples in Britain through 
local sourcing and to determine the potential energy saving and reduction in environmental 
impact that this would achieve compared to existing sourcing and distribution systems. Also, to 
identify the changes that local sourcing of dessert apples would require in terms of land use, 
storage techniques, and utilising different apple varieties which can be harvested at different 
times of the year; and also those that can be stored for long periods,
1.3.2 Distribution within Britain
In Britain, between 1978 and 1993, the amount of food products being transported remained 
largely static, but the distance which these foodstuffs were transported increased by 50 per cent 
(Paxton, 1994). With the decline of rail freight distribution, food distribution within Britain and for 
products sourced from the European mainland is now predominantly by road which is more energy- 
intensive than both rail and water transport (Whitelegg, 1993). In Britain in 1993, of the 41 billion 
tonne-kilometres associated with the movement of agricultural (inputs and outputs) and food 
products (Figure 1.5), 98 per cent of all joumeys were by road. In this analysis the empirical data 
will be Used!
to determine and compare the environmental impacts associated with all possible distribution 
systems for imported and British-grown apples within Britain,
1.3.3 Shopping
Over the last few decades the number of joumeys undertaken by the British public has increased by 
11 per cent whilst the distance travelled per person per year has increased by over 45 per cent 
(Potter, 1995). The greatest changes in terms of personal travel are associated with a drop in 
joumeys made on foot or by bike and increases in joumeys of between five and twenty five nules. 
Two-thirds of all shopping trips are now by car: Raven, Lang and Dumonteil (1995) have
Paxton (1994) has calculated that UK self-sufficiency in food is feasible. In 1992, the total area of agricultural land 
in the UK was 45.7 million acres (18.5 million hectares), roughly two-thirds of which is suitable for growing food 
crops, and the rest for rough grazing. In addition there is space and land in urban areas which could also be used 
for food production. The population of the UK was 56 million in 1993, so if we were to become totally self- 
sufficient, this would mean each person could be allowed to consume the food grown on roughly 0.54 acres (0.22 
hectares) of arable land, in addition to what could be produced from rough grazing and in urban areas. Since only 
0.47 acres (0.19 hectares) of land per person are needed for a healthy diet, this implies that the food needs of the 
UK population could be met from its own land area. What would be needed is more efficient use of our resources, 
involving new consumption patterns - in particular eating less meat.
calculated that the average number of shopping trips increased by 28 per cent between 1975 and 
1991. The total distance travelled for shopping increased by 60 per cent over the same period. The 
annual transport-related energy consumption associated with shopping trips for food is greater than 
the transport energy consumption of food imports and food distribution within Britain (Figure 1.5). 
In this study the aim will be:
to investigate the environmental burdens associated with all options for the movement of food 
products from retail outlet to the home, including shopping by car, bus and on foot and through 
home delivery systems. Also, for shopping by car, to assess the significance of the type of car 
(engine size) used for shopping trips and the distance between the retail outlet and the 
household of the consumer,
1.3,4 The options for cultivating, sourcing and marketing dessert apples
Apples can now be home grown, or sourced locally, nationally or imported and can be purchased (if 
not cultivated by the consumer) at a supermarket, greengrocer, outdoor market or through a home- 
delivery fruit and vegetable box scheme. Therefore, for each of these options it is possible:
to investigate the relationship between the system of cultivation and retailing and the transport 
intensity of each possible transport life cycle. The transport-related environmental burdens 
associated with each option can be determined and compared on the basis o f both the source of 
the product and the type of retail outlet from which the product is purchased.
The way in which apples are grown, sourced and transported to the consumer has been significantly 
affected by policy decisions made in Britain and Europe. In Chapter 2 the objective will be:
to investigate the direct and indirect policy impacts o f the British government, and since 1973, 
EU trade, transport and agricultural policies on the transport intensity of the Food Supply 
Chain,
and based on the results of the empirical analysis:
to highlight some of the conflicts between these policies and environmental policies and in 
particular commitments to reduce greenhouse gas emissions and to promote sustainable 
development^^
and
to provide information for policy makers and consumers so that decisions can be made which 
support sustainable development. 12
Reducing the extemal costs associated with road freight distribution and car travel provide policy 
makers with some of the most intractable problems (Whitelegg, 1993). The trends in transport and 
transport-related energy consumption and pollution over the last 50 years will be discussed in 
Chapter 2. Particular attention will given to transportation in the food supply chain and the factors 
which have influenced the transport intensity of food sourcing and distribution. When solutions 
have been sought for the increasing negative environmental, social and economic impacts of
“  The definition of sustainable development that will be applied in this thesis is explained in Appendix 1.4. Some of 
the conflicts between environmental and trade, transport and economic policies are discussed in Appendix 1.3 and 
will also be considered in Chapter 2 in relation to the fresh produce and apple sectors.
The importance of environmental analyses which provide information about sustainable products and practices for 
policy makers and the consumer is discussed in Appendix 1.3.
transportation, it is often private car and fi'eight transport as a whole which are assessed. In this 
dissertation a different approach will be followed, in which all transportation associated with a 
particular product, and all of the options for moving this product to the consumer, will be assessed. 
The aim will be to determine the root causes of transport demand by looking at the transport 
dependencies in the predominant production, sourcing and marketing systems at present. The 
analysis will focus on three factors which influence the transport intensity and transport-related 
environmental impacts associated with a product. These are the:
i. total distance between producer and consumer;
ii. number of transport stages;
iii. distance and mode of transport of each transport stage* .^
The FSC will be modelled so that all possible transport lifecycles and, therefore, all possible 
sourcing, marketing and waste management systems for dessert apples will be described''*. The 
significance of each of the three factors above will be assessed in relation to the environmental 
impact of each possible transport life cycle. This approach will permit the most sustainable 
sourcing, marketing and waste management system to be highlighted as well as those systems which 
involve transport life cycles which are transport- and energy-intensive.
In terms of identifying sustainable systems of production and distribution for other food products 
and other consumer goods, further work will be required; but the results of this study and the way 
in which the problem is approached may be indicative for further work.
1.4 Measuring the environmental impacts associated with food products
In 1978 it was estimated that 28 per cent of UK energy was used to grow, process and distribute 
food (Blaxter, 1978) and as much as a quarter of all fossil fuel energy could now be consumed by 
the food sector (Douthwaite, 1996). Each function (or subsystem) within the contemporary food 
system is now dependent on fossil fuels, which results in significant and diverse environmental 
impacts (Figure 1.3). In agricultural systems fossil fuels are now required for the manufacture and 
supply of pesticides, fertilisers, machinery and plastics to farms and fuels are used directly on the 
farm. Fossil fuels are also used in packaging and processing systems and in the distribution of food 
products. The total energy consumption and thermodynamic throughput associated with an 
individual food product can vary significantly and is influenced by: the way in which it is cultivated, 
the quantity of packaging, the packaging materials used and the distance between producer and 
consumer (Figures 1.3,1.4 and 1.6).
In traditional pre-industrial societies the energy output/input ratio for farming was close to 100:1 
(Weizsacker et al., 1998) but owing to increases in fossil fiiel energy consumption agriculture has 
become progressively less energy efficient and farming has increasingly become a net energy
Most of the reports which have looked at the environmental impacts of the transport sector have concluded that the 
environmental impacts of transportation will be reduced through a modal shift in individual transport segments to 
environmentally less damaging modes (i.e. fi-om road to rail ) and by better integration between different modes of 
transport (DETR, 1998; UK Round Table on Sustainable Development, 1997). Reducing transport demand by 
aiming to reduce the number of transport stages and the distance of each (when producing and delivering a 
product to the household of the consumer) is an option which has not been considered in any detail in most reports 
and analyses.
Figure 1.4 describes one possible transport life cycle for apples in which the product is imported, distributed by 
truck within Britain and purchased in a shopping trip by car. This transport lifecycle represents the maximum 
number of (six) transport segments between source and consumer for this product. There are, however, many other 
possibilities of sourcing and distributing fi-esh apples and all will be considered in this analysis. All possible 
transport lifecycles for apples will be described and modelled in Chapter 3 and the environmental impact of each 
transport lifecycle will then be quantified.
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consumer (Pretty, 1995). In modem high input fruit and vegetable production, the output/input 
ratio is between 2 and 0.1 (1 calorie of food output requires between 0.5 and 10 calories of energy 
input), between 0.1 and 0.03 for intensive beef production, and may reach extreme values of 0.002 
for winter greenhouse vegetables (Weizsacker et al., 1998). All of these ratios refer only to the 
energy consumed up to farm gate,'^ which represents on average 25 per cent of the energy 
consumed in the whole life cycle of a food product (Brown and Batty, 1976). If  the total (or life 
cycle) food product energy consumption is considered,'^ the output/input ratio for field vegetables 
will lie in the range 0.5 to 0.025, and for winter greenhouse vegetables could be as low as 0.0005. 
In which case up to 2000 calories of fossil fiiel energy are required to produce, process, package 
and distribute 1 calorie of food energy !
Figure 1.6 shows the results of several studies which have quantified the energy consumed in food 
production, processing, packaging and transport systems in various European countries. Some of 
these analyses are restricted to agricultural systems and the energy consumed ‘up to the farm gate’ 
while others include the energy inputs associated with fertiliser and pesticide production, processing 
and packaging and some (or all) of the transportation up to the point of retail. However, no 
environmental analysis has yet determined the effect of different consumer decisions (such as the 
mode of transport and store chosen for shopping and the distance of shopping trips associated with 
each marketing option) on the life cycle energy consumption of a food product. Neither has there 
been an analysis which represents all o f  the options fo r  each stage in the FSC fo r  a food  product, 
for example, different sources o f  the product, different distribution systems and the differing 
packaging and storage requirements fo r  each sourcing and marketing option. If  this were the case 
then a range o f values would be provided for the life cycle energy consumption of the food 
products analysed (Figure 1.6) which reflects all o f these variations.
“The concept of minimal resource utilisation and low environmental impact have only to a limited 
extent been applied to the food system. It is clear though that in the future this system must be 
based on a global, ecological view” (Andersson, 1993). The renewed interest in and concern about 
the environmental effects of goods and services in the 1990’s has resulted in a multitude of studies 
attempting some form of environmental assessment for food products (Kooijman, 1994). Unlike the 
first analyses of the food system during the 1970’s, the reason for the most recent studies has not 
primarily been concerns about the price or supply of fossil fiiels'’. The analyses carried out in the 
1990’s are intended to highlight the systems which have low environmental impact, minimise 
resource consumption and can, therefore, be described as being the most environmentally 
sustainable.
Sustainable development has been defined by the Brundtland Commission'* in the following way:
The majority of the analyses of food products listed in Figure 1.6 also end at the farm gate. “Most (environmental) 
life cycle studies carried out so far focus either on agricultural production or industrial refining, for example, the 
cultivation of tomatoes. There have only been a few studies which have attempted to cover the whole life cycle o f  
a food product, for example, Weidema et al. (1995) have made a thorough life cycle energy screening of both rye 
bread and ham” (Andersson et al., 1996).
As described in Figure 1.3.
In 1991 the world’s known reserves of oil (990 billion barrels) were equivalent to 46 years’ production; and it was 
estimated that there were in addition undiscovered reserves equivalent to between 13 and 44 years’ production 
(RCEP, 1994). The retail price of fuel is shown in Figure 1.3.3 in Appendix 1.3. In August 1998 oil prices were at 
the lowest level for 10 years.
The Brundtland Report was the basis of the World Commission on Environment and Development Conference in 
1987 (The ‘Earth Summit’). As a fbllow-up to this conference and the commitments made by the British 
government This Common Inheritance was published annually between 1990 and 1993 and Sustainable 
Development: UK Strategy was published in 1994. Additionally, The Government’s Panel on Sustainable 
Development and the UK Round Table on Sustainable Development were formed to provide independent advice 
and the Local Government Management Board (LGMB) and Local Agenda 21 Officers co-ordinate sustainable 
development on a local level.
“Development that meets the needs of the present without compromising the ability of friture generations to meet 
their needs” (WCED, 1987).
A number of indicators have been put forward and techniques developed for measuring the 
sustainability of human activities. A key indicator of environmental sustainability is the energy and 
material throughput associated with economic activity (Cooper, 1994; Daly, 1991; Jackson, 1996; 
Jacobs, 1993; Schmidt-Bleek, 1993). The relationship between environmental degradation, natural 
resource consumption and systems of production and distribution is explained by the first two Laws 
of Thermodynamics'^. The causative link between systems of production and distribution and 
environmental degradation has been identified by Jackson (1996); Jacobs (1993); Rees (1993); and 
Schmidt-Bleek (1993) as high levels o f material and energy throughput. Research at the Wupperthal 
Institute in Germany has shown a strong inverse correlation between the environmental 
sustainability of an economy and the volume of energy and matter passing through it (Schmidt- 
Bleek, 1993). In relation to sustainable development, Jacobs (1993) has stated that: ‘ultimately we 
should be aiming to maximise the welfare obtained fi-om economic activity while minimising the 
volume of energy and matter which flows through the economy.’ Schmidt-Bleek (1993) has called 
for a 10-fold decrease in the thermodynamic throughput of systems of production and distribution 
in order to ‘dematerialise’ economic systems within industrialised nations’".
The techniques which are applied to quantify the thermodynamic throughput of production and 
distribution systems include: natural resource accounting, energy analysis, material intensity per unit 
service (MIPS) and life cycle analysis (LCA) ’' These methods provide a comprehensive 
inventory of all the energy and material inputs and outputs associated with consumer goods and 
services; this permits comparisons between the various ways in which human needs can be satisfied. 
However, many analyses have not considered all the stages (all energy inputs) in the life cycle of 
food (and other consumer) products - as discussed above in the case where analyses of food 
products have been extended only up to the ‘farm gate’ so that agricultural and horticultural 
systems have been assessed, but packaging, distribution and retailing stages and the influence of 
individual consumers have been Overlooked.
In this analysis aU the stages in the life cycle of fi-esh apples will be considered (Figures 1.4 and 
1.3). Additionally, the contemporary food system has evolved in such a way that there are now 
numerous ways in which a single food product can be cultivated, sourced, distributed and marketed. 
This multiplicity of ways in which the basic human need for nutrition can be met should be 
considered in any analysis which has the aim of determining the most environmentally-benign 
option. In this study the environmental sustainability of all the options for the delivery of a kilogram
This relationship is discussed in detail in Appendix 1.1.
There is now a consensus that sustainability implies a reduction in the use of resources (including fossil fuels) and 
the pollution resulting from the use of resources by increasing the life-cycle resource productivity in products and 
services in industrialised nations. Industrialised nations are targeted for improved resource productivity because 
roughly 80% of natural resources are at present consumed by 20% of the world’s population. The reasons for 
minimising the thermodynamic throughput associated with products and processes (including the transport 
components of these systems) are outlined in Appendix 1.1.
Life cycle analysis (or assessment) (LCA) is a process of evaluating the environmental burdens associated with a 
product, process or activity by identifying and quantifying energy and materials used, and wastes released to the 
environment; of assessing the impact of those energy and material uses and releases to the environment; and of 
identifying and evaluating opportunities of effecting environmental improvements. A considerable amount of 
effort is now being dedicated to the development of LCA methodologies (Jackson, 1996).
^  The methodologies (and the published results) of energy input analyses, material-intensity-per-unit-service (MIPS) 
analyses and life cycle analyses are described and discussed in Chapter 2.
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of apples to consumers at a particular location are quantified and compared. The most 
environmentally-sustainable option”  for a food product is defined as:
the system of food production, distribution, marketing and waste management in which the 
material and energy throughput is minimised. When there are several options of meeting the 
human need for nutrition all the different *means  ^ to achieve the same *end^  are assessed to 
discover which system has minimal thermodynamic throughput
As Jackson (1996) explains:
“The system we have constructed to satisfy our needs has led us astray: an economy profligate of material 
resources, an environment degraded by material emissions, and lives overburdened by material concerns. From 
within the darkness of this position appears the light of a new conception: a society that addresses itself anew to 
the complex question of satisfying needs; an economy which does not degrade the environment in which we must
survive Each way in which we meet our needs has different material implications and different environmental
implications. How many of our needs could be met in a less materially intensive fashion? We cannot change the 
laws of thermodynamics but we can influence and exercise cultural choice and this strategy may well provide us 
with the most significant and extensive opportunities for dematerialisation that we could hope to find.”
Therefore, in this dissertation a life-cycle analysis-based technique, means/end analysis’ ,^ will be 
applied in order to compare and contrast the numerous ways in which the basic human need for 
nutrition can be met (i.e. all possibilities for the cultivation, sourcing, packaging and distribution of 
an individual food product, which in this instance will be fi-esh dessert apples). The assessment will 
be based on the clear environmental objective of minimising the thermodynamic throughput of 
production and distribution systems, which will enable the most sustainable systems to be identified 
and this information can then be made available to consumers and policy makers. It is the 
application of a comprehensive analysis technique to assess, on the basis o f  clear environmental 
objectives'^, all the ways in which human needs can be met, which will be tested as a firamework 
for identifying sustainable systems, which has been lacking in the sustainable development debate 
(HCEC, 1994; Redclifl, 1996; Whitelegg, 1995). The procedure that will be followed in this 
dissertation, in order to identify the most sustainable sourcing, distribution and marketing systems 
for fi-esh apples, including the hypothesis that is tested, is described in Figure 1.7. The aim of this 
dissertation will be to evaluate the approach which is outlined in Figure 1.7 and ‘means/end 
analysis’ as an assessment technique for measuring the sustainability of all possible ways of meeting 
a particular need and, therefore, as a process and tool for measuring environmentally sustainable 
development.
This definition is based on the principles and goals of sustainable development which are discussed in Appendix 
1.4. Sustainable development comprises social, economic and environmental criteria. In this dissertation it is 
environmental sustainability that will be addressed, with the aim of identifying the most environmentally benign 
option for delivering fi-esh produce to the consumer. The social and economic issues relating to each option will 
not be looked at in detail.
Here ‘system’ and ‘option’ refer to all possibilities for producing, distributing and marketing (and treating any 
waste associated with) a food product (i.e. all options of delivering a kilogram of a food product to the consumer). 
This will include one or more of the seven subsystems listed in Figure 1.3 as well as all of the possibilities for each 
subsystem. Sustainable development is defined in this way because a specified human need is satisfied and the 
environmental impacts associated with meeting this need are minimised. Also, this definition requires that all 
options are considered.
Means/end analysis (MEA) is defined as an assessment technique in which the environmental impacts associated 
with all of the options (‘means’) for meeting a particular need (‘end’) at a particular location are quantified and 
compared. The methodology and procedures for MEA that are followed in this analysis are outlined in Chapter 3. 
The differences between the methodologies and objectives of MEA and Energy Input Analysis and Life Cycle 
Analysis are discussed in Chapter 2.
The environmental objectives which are the basis for the operational definition of sustainable development applied 
in this analysis, including the principles and goals of sustainable development, are discussed in Appendix 1.4.
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In terms of ‘dematerialisation’ it is not, however, ‘energy’ per se which needs to be measured but 
the material fluxes associated with the use of energy, and the different energy sources, that is of 
importance. This is significant, as each fossil fiiel energy carrier varies in terms of the quantity of air 
emissions released and, therefore, the environmental impacts, as shown in Figure 1.8 and in the 
discussion in Appendix 1.1. When fossil fuels are compared to renewable energy sources the 
difference in environmental impacts is even more marked. Apart from their extraction and supply 
(which can involve several transport stages), fossil fuels emit many pollutants upon combustion, 
whereas after construction of the turbine, wind energy is ‘clean’, and this is true of other forms of 
renewable energy. This is why developing a ‘sustainable society’ implies that renewable resources 
are used in place of reserves of fossil oil, coal and natural gas (Cowell and Clift, 1996). When 
considering transportation, however, as in this study, all the direct energy sources (fuels) are in the 
form o f fossil oil and are derivatives o f  crude oil. The aim, therefore, in terms of nfinimising the 
environmental impacts vdll be to minimise fossil fuel consumption.
1.5 Hypotheses
Reducing the environmental impacts of food-production and -distribution systems means that the 
environmental burdens of all the processes involved in cultivating, processing, packaging and 
transporting a food product to the consumer have to be assessed and minimised, including all of the 
inputs and outputs of these processes. It is important that agricultural systems are not isolated and 
assessed independently, without considering all other stages in the life cycle of food products which 
follow. Only by considering all stages will it be possible to examine the relationship between the 
scale and the volume of production of individual products in agriculture, and the environmental 
burdens of the transport and packaging systems associated with these various scales of production.
In large scale, high-input agricultural production, fossil fiiel consumption in the form of fertiliser, 
pesticide and machinery manufacture and supply, and fuel usage on the farm itself, is significant. 
However, the energy consumption and pollution resulting from transport and packaging systems 
associated with large scale agricultural production for export and transport-intensive distribution 
within Britain can be equally if not more fossil-fiiel-intensive (Brown and Batty, 1976; Cowell and 
Clift, 1996; Kooijman, 1993; and Olabode et al., 1977). Therefore, it is the cumulative energy 
consumption o f production, packaging, transport, retailing and waste treatment systems which 
influence the total energy consumption in the life cycle of a food product. Clift (1993) has described 
this type of analysis as ‘cradle to grave’ assessment, which for food products could be referred to as 
‘from seed to decomposition’. Clift (1993) also warns of the problems which can be encountered 
when isolating parts of the production, distribution and waste management system, when looking 
for long-term solutions to problems of pollution and waste management; and advocates a much 
broader, holistic approach. One of the objectives of this study, once the energy consumption of all 
possible transport systems has been determined, will, therefore, be:
to compare the transport energy consumption of each apple sourcing and distribution system 
with the energy consumption of apple cultivation and packaging, as determined by Stadig 
(1997).
For agricultural production systems to become less fossil-fuel-intensive implies reducing 
mechanisation and moving away from large scale, specialised production and the use of extemal 
inputs which are energy-intensive, such as pesticides and synthetic fertilisers (Pretty, 1995). 
Increasing the diversity and reducing the scale of food production systems are directly opposite to 
the recent trends in commercial agriculture and are the goals of organic and permaculture systems 
(Ekins, 1992; Giradet, 1996; MoUison, 1988; Pretty, 1995; Appendix 1.1). Organic and 
permaculture systems are designed to minimise fossil fuel consumption, air and water pollution, 
solid waste and chemical residue in food, by developing ‘closed loop’ or ‘circular’ systems of food
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production so that the thermodynamic throughput is minimised. Local resources including energy 
supplies and human labour are utilised instead of fossil fuels, machinery, fertilisers and pesticides 
(MoUison, 1988). Food production, based on organic, permaculture and other forms of low energy 
and resource input systems has, therefore, been proposed as a sustainable way in which our needs 
for nutrition can be met (Gamett, 1996; Hart, 1996; Henry Doubleday Research Association, 1993; 
Lampkin, 1994; MoUison, 1988; Paxton, 1994; Pretty, 1995; Appendix 1.1).
Compared to concerns about the environmental burdens associated with intensive agricultural 
production, the concerns about the environmental impact of transportation within the food system 
are relatively recent. However, over the last ten years a growing number of reports and studies have 
revealed the significance of transportation in the food system, and the cumulative environmental 
burdens associated with the various modes of transport that are utiUsed in the contemporary food 
supply chain to move a product fi*om source to consumer (Boge, 1994; CoweU and Clift, 1996; 
Holzapfel, 1995; Kranendonk and Bringezu, 1993; Paxton, 1994; Whitelegg, 1993, 1994, 1994a, 
and 1995).
UnUke agricultural production, existing transport and distribution systems for foodstuffs have only 
limited potential for reduced environmental impact. Environmental improvements can be achieved 
by increasing the fiiel efficiency and load rate of vehicles, and air emissions can be reduced when 
catalytic converters are fitted to vehicles. The environmental burdens associated with transportation 
can also be reduced through a modal shift to modes of transport with a lower environmental impact 
(Whitelegg, 1995). However, almost aU modes of transport apart fi-om walking and cycling, directly 
consume fossU fuels, which results in numerous poUutant emissions.
It is important to recognise that unlike agricultural and food processing systems, the food transport 
system does not produce anything and transport is not an end in itself but is merely a means to 
move products from one location to another. As discussed earUer, transport systems have enabled 
the gradual move from local to national and then global sourcing of fresh produce, including apples. 
Through free trade and intemational competition, access to cheap transportation has prompted the 
move to specialisation and large scale production for export in agriculture which has reinforced the 
transport intensity of the food system. Whitelegg (1994 and 1995) has proposed that a process of 
substituting ‘near for far’ in production and distribution systems would reduce both the demand and 
the environmental burdens associated with transportation. Similarly, Paxton (1994) and Gamett
(1996) have advocated the local sourcing, when possible, of food products.
The objective of this study will be to test these hypotheses in the following way:
To meet the objective of minimising the environmental impacts of production and distribution 
systems, by reducing the energy and material (or thermodynamic throughput) associated with a 
given human need, the transport component of these systems should be minimised by reducing 
the need for transport and minimising the distance between apple producer and consumer.
Minimising the distance between product source and consumer implies local food production and 
homegrown produce which in tum has implications for land use, time, commitment and also the 
effort which a high degree of local self-sufficiency in food would require. Britain was, however, 
virtually self-sufficient in food during the second world war and in recent years there has been a 
resurgence of interest in allotments, farmers’ markets and local organic food producer/consumer 
links (Gamett, 1996; Morgan and Richards, 1993; Paxton, 1994; The Soil Association, 1998). The 
changes in land use that local food production would require, the feasibility of local self-sufficiency 
in apples and examples of successfiil local food production and distribution schemes will, therefore, 
be assessed.
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One of the consequences of high levels of intemational trade and centralised distribution systems, as 
well as consumption levels per se, is an Ecological Footprint”  (EF) which is greater than the area 
inhabited (by the population in question) by a factor of up to 125 (in the case of London). 
Ecological Footprint Analysis therefore provides an insight into the ‘unsustainability’ of a given 
population. Local food production and distribution systems aim to minimise the EF of a given 
population by hving within the constraints of local carrying capacity, a reduction in the use of fossil 
fuels and a goal of ‘closing the loop’ by developing a ‘circular food system’’*. Minimising (fossil 
fiiel based) transportation as well as developing household and local energy and electricity 
generation from continuing and renewable sources rather than from nuclear power, coal, oil or 
natural gas, and household and local reuse, recycling and composting systems all combine to 
increase the circularity of food production, distribution and consumption systems. The result is a 
small EF and local self-sufficiency, which if practised by all regions would result in global 
sustainability (Wackemagel and Rees, 1996).
The Royal Commission on Environmental Pollution (RCEP, 1994) has stated that present levels of 
freight transport are largely ‘unavoidable’ and that any changes in transport policy should not effect 
‘economic well-being’ or reduce ‘economic activity.’ Similarly, the most recent Transport White 
Paper (DETR, 1998) states that:
“We are building a new partnership with business and industry for the 21st Century. We want a reliable and 
efficient transport system that supports prosperity, to provide the jobs and wealth that we all want. But the growth 
in freight risks being met at the expense of our environment. This is why we want to reduce the extent to which a 
healthier economy results in high levels of road traffic growth. We want to see a real increase in the use of rail 
freight, inland waterways and coastal shipping” (DETR, 1998).
Both the DETR (1998) and the RCEP (1994) have advocated a modal shift to less environmentally- 
damaging forms of transportation such as the movement of freight by rail and water instead of truck 
and plane, and the use of buses and trains by shoppers and commuters. However, neither of these 
two reports addressed the issue of reducing the demand for transport per se when meeting human 
‘needs’ (that is the distance between producer and consumer and the number of individual transport 
stages involved in the predominant production, distribution and marketing systems at present) by 
assessing existing sourcing and distribution systems and looking at the alternatives.
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Ecologists define ‘carrying capacity’ as the population of a given species that can be supported indefinitely in a 
defined habitat without permanently damaging the ecosystem upon which it is dependent. For a population of 
human beings living in a place, carrying capacity could be interpreted as the maximum rates of resource 
consumption and waste discharge that could be sustained indefinitely in their home region without progressively 
impairing the functional integrity and productivity of essential ecosystems. The corresponding population would 
be a function ofper capita rates of resource consumption and waste production (i.e. sustainable production divided 
by per capita demand), and could therefore be related to the ecological sustainability of a human population living 
in an isolated region (Rees, 1993). The majority of humans, however, do not live in isolated regions but are 
globally integrated through trade and it then becomes impractical to apply the conventional definition of carrying 
capacity. Rees (1993) has therefore developed an empirical approach which considers trade and technological 
advances by calculating how much land and water (wherever it is located) is required to produce the resource 
flows (consumption) currently enjoyed by a region’s population. The total area of land required is termed the 
‘ecological footprint’ of a region and is an estimate of the actual physical stocks of natural capital necessary to 
sustain a given human population. By inverting the standard definition of carrying capacity the natural capital 
requirements of a given population may be estimated and compared to the carrying capacity of the population’s 
home territory. Rees estimates per capita consumption by confining calculations to major categories based on land 
use for food, housing, transport and consumer goods and the resources embodied in the services received. Results 
show that urban regions ‘consume’ an area of land at least an order of magnitude greater than that contained 
within the usual political boundaries of the built-up area. High density settlements therefore ‘appropriate’ carrying 
capacity from all over the globe as well as the past and future (Rees and Wackemagel, 1994).
See Appendix 1.1.
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It is true that the economy is, at present, dependent on high levels of transportation including 
international trade by plane, road and ship; road freight distribution in Britain; and car use. I will 
argue that this is largely because the external environmental and social impacts of transportation are 
not considered in economic theory or policy and these distortions will not be resolved unless all of 
the external costs of transportation are internalised^^. In terms of the FSC, the physical structures 
and the sourcing and distribution systems which have evolved in this economic situation are 
transport and energy-intensive (i.e. global sourcing; centralised and just-in-time distribution with 
both distribution centres and stores located in positions in which access for road freight is the 
primary concern; and high levels of shopping by car). A move to a more sustainable food 
production, distribution and marketing system, which is not dependent on global sourcing and road 
transport, will be resisted and may in the case of certain existing retailing systems not be possible.
However, this does not mean that current levels of road freight and car use for shopping are 
‘unavoidable’. In its twentieth report 'Transport and the Environment: Developments Since 1994’ 
the Royal Commission on Environmental Pollution (RCEP, 1997) concluded that:
i. transport plans should be integrated with land use plans to reduce the need to travel, distances 
travelled, and dependence on lorries;
ii. initiatives to reduce freight intensity, as well as the transfer of freight from road to rail, should be 
supported;
iii. targets for trafQc reduction must have clear and specific justification and must set out the 
preferred and most effective method of achieving those objectives.
The second hypothesis is that:
the present levels of freight transport and car use associated with the FSC are avoidable, that a 
substantial reduction in the overall environmental impact o f road transport is possible, and at 
the same time the human need for nutrition (and in this case the supply of fresh fruit and 
vegetables) can be met by local production, distribution and marketing systems which minimise 
international transport and road transport demand
1.6 Structure of the dissertation
The influence of imported produce, the emergence of the multiple retailers and of shopping by car 
on the transport intensity of the food supply chain will be discussed in Chapter 2, as will the impact 
of agricultural, trade and transport policies on the evolution of the present food system. The 
changes in the cultivation, sourcing, distribution and marketing of dessert apples over the last two 
hundred years will be documented, and particular attention will be given to the retailing and 
transport sectors over the last fifty years. All present-day cultivation, sourcing and marketing 
systems for fresh produce will be described, including the alternatives to the predominant systems 
of food production, distribution and marketing.
The first analyses of the food system in the 1970’s and the more recent studies of the environmental 
impacts of food production and distribution systems will be assessed in Chapter 2. The reports and 
analyses which first drew attention to the transport intensity of the food supply chain (FSC) will 
also be reviewed including the ‘FoodM iles’ report by Paxton (1994); the work on food production 
and distribution carried out at the Wupperthal Institute in recent years by Boge (1994), Holzapfel
Transport demand will not be reduced until alternative production, distribution and marketing systems, in which 
transportation is minimised, become more widespread. Even if the financial costs of transportation increase 
significantly, changes in activities and behaviour will only occur if alternative ways of meeting ‘needs’ are 
available. These issues are discussed in Appendix 1.3.
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(1995) and Kranendonk and Bringezu (1993); and the transport analyses and proposals of Cowell 
and Clift (1996), Lang and Hines (1993) and Whitelegg (1993,1994, 1994a and 1995).
The first section of Chapter 3 will outline the methodology of the assessment technique that is 
applied in this analysis and the system boundary, data sources and procedure will be defined. In 
Section 3b the results will then be presented and analysed.
In Chapter 4 the empirical results will be assessed in terms of the background to the changes in the 
FSC, the goal of minimising the thermodynamic throughput of systems of production and 
distribution and the hypotheses of this thesis.
Finally, in Chapter 5 the wider implications of the results of this thesis will be discussed. The 
significance of the analysis technique which has been applied and the general approach which has 
been followed (Figure 1.7) in this dissertation, in relation to current policies and trends in 
agriculture, trade, retailing and transport, will be assessed. The opportunities for further research 
and information provision for policy makers and consumers will also be discussed.
1.7 Summary of the research questions and hypotheses
The following hypothesis is tested in this thesis:
For a given human ‘need’ the objective of minimising the environmental impact of 
production, distribution and marketing systems (measured by the energy and material or 
thermodynamic throughput associated with the transport component of these systems), will 
be met by minimising the need for transport by minimising the distance between producer 
and consumer, which in this instance is the distance between apple tree or orchard and 
consumer.
The second hypothesis is that:
the present levels of freight transport and car use associated with the FSC are avoidable, that 
a substantial reduction in the overall environmental impact of road transport is possible and 
at the same time the human need for nutrition, and in this case the supply of fresh fruit and 
vegetables, can be met by local production, distribution and marketing systems which 
minimise international transport and road transport demand.
Main research objectives
1. To determine the transport-related environmental impacts associated with all of the ways 
in which fresh dessert apples can be sourced, distributed and marketed in Britain. To 
interpret this information in such a way that it is readily accessible to policy makers and 
consumers so that purchasing and policy decisions can be made which support sustainable 
development.
2. To quantify the annual transport-related environmental impacts of imports of dessert 
apples to Britain.
Secondary research questions
Based on these two hypotheses and main research questions are the following research objectives:
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3. To look at the changes in the cultivation, sourcing, transportation and retailing of dessert apples 
over the last two hundred years, which have culminated in the predominant production and 
distribution systems at present.
4. To investigate the potential for British national self-sufficiency in dessert apples through local 
sourcing, and to determine whether this would result in energy saving and a reduction in 
environmental impact compared to existing sourcing and distribution systems. Also, to identify 
the changes that local sourcing of dessert apples would require in terms of land use, storage 
techniques, and utilising different apple varieties which can be harvested at different times of the 
year and can be stored for long periods.
5. To determine and compare the environmental impacts associated with of all possible distribution 
systems for imported and British-grown apples within Britain.
6. To investigate the environmental burdens associated with aU options for the movement of food 
products from retail outlet to the home, including shopping by car, bus and on foot and through 
home delivery systems. Also when shopping is by car, to assess the significance of the type of 
car (engine size) used for shopping trips and the distance between retail outlet and household of 
the consumer.
7. To investigate the relationship between the system of cultivation and retailing and the transport 
intensity of the FSC. The transport-related environmental burdens associated with each option 
will be determined and compared on the basis of both the source of the product and the type of 
retail outlet.
8. To investigate the direct and indirect policy impacts of the British government (and since 1973 
EU trade, transport and agricultural policies) on the transport intensity of the Food Supply 
Chain; and based on the results of this analysis, to highlight some of the conflicts between these 
policies and environmental policy, and in particular commitments to reduce greenhouse gas 
emissions and to promote sustainable development.
9. To compare the transport energy consumption of each apple sourcing and distribution system 
with the energy consumption of apple cultivation and packaging, as determined by Stadig
(1997). Therefore, to assess the contribution of transportation to the total thermodynamic 
throughput of all possible systems of cultivation, sourcing and distribution.
10. To provide a framework for the identification of sustainable systems of production and 
distribution through the application of a comprehensive analysis technique to measure and 
compare all the possible ways o f  meeting a particular human need (nutrition in this case) on 
the basis of clear environmental objectives.
11. To determine whether there is a factor of 10 (or more) difference between the transport-related 
thermodynamic throughput of the most transport-intensive apple sourcing and distribution 
systems, and that of the systems in which transport demand is minimised.
12. To determine the minimum transport-related thermodynamic throughput for all apple sourcing 
and distribution systems (for example, through a modal shift or by cultivating apples locally) and 
the timescales to reach this minimum.
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Figure 1.1 The direct energy input to produce a kilogram of cereals in different agricultural 
systems
Location System of Production Enerçy input to produce cereals* 
(MJ/kg)
UK Very high input wheat 2.22
Low input wheat 0.92 +
USA High input, irrigated rice 11.11
High input maize 4.00
Low input maize, alternative rotations 1.49 +
Japan Irrigated, high input rice 3.33
China Orçanic rice 0.65 +
Bangladesh Low input, deepwater rice 0.38 +
Latin America Low input, upland rice 0.51 +
Philippines High input, irrigated rice 2.78 - 4.55
Low input, irrigated rice 1.27 +
Rainfed, upland rice 1.14-1.39 +
UK** High input, large scale, specialised, wheat 3.26
Switzerland** Reduced input, specialised, wheat 3.16
Switzerland** Low input, mixed farm, wheat 2.83 +
* includes direct energy consumption and indirect energy for fertilisers and pesticides used. 
+ low input or organic systems.
** Source: EC (1997), and all other data from Pretty (1995).
Figure 1.2 The Relative fossil energy requirements of organic and conventional farming 
systems (organic as a % of conventional)
Author Vine & Mercier Klepper
Bateman KafTka & Crouau USDA et al. Harwood
Date 1981 1984 1976/78 1980 1977 1985
Country Britain Germany France US US US
Output Whole farm Wheat Wheat Cereals All crops All crops
Energy Use / hectare 25 -100 20 50 42-85 - 50-90
Energy Use per
unit of output 50 -100 26 55-60 50-87 40 50-80
Source: Lampkin (1994).
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Figure 1.3 Energy and material throughput in the food supply chain
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Figure 1.4 The transport life cycle of fresh apples
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Figure 1.5 Transport-related energy consumption in the food supply chain
Quantity (million tonnes)
Distance each tonne is 
transported (average, km)
Billion tonne-kilometres
Imports(i)
22.7
3656
83.0
Energy consumption (million GJ) 50
Road Freight 
Distribution 
in Britain(2)
300
138
41
41
Car
Shopping(3) To landfill(4) Total
35
386-512
13.5-17.9
54-72
6
20
0.1
0.2
137.6-142
145.2-163.2
(1)
(2)
(3)
(4)
(5)
Source: Cowell and Clift (1996): data for 1992.
Includes agricultural products, foodstuffs and fodder, data for 1993. Freight movement within the FSC accounted for 31% of 
all fi'eight movements by road in this year (DoT, 1994).
Shopping accounted for 19% of all journeys (12% by distance) by car in 1992/94 (DoT, 1995). 50 million tonnes of 
(packaged) food consumed by households in the UK in this year. Assumed that 70% of shopping trips for food (at all retail 
outlets) are by car and the average distance is 8.5 kilometres. Based on data Jfrom Whitelegg (1994) and McKinnon and 
Woodbum (1993) each tonne of food involves between 386 and 512 kilometres of car shopping.
Assumed that 10% of food products becomes food and packaging waste (6M tonnes) and is transported 20 km to landfill.
All figures exclude the transport associated with the manufacture and supply of food packaging, and some agricultural 
inputs such as ftiel, chemical sprays, plastics.
Figure 1.6 The energy consumption associated with a range of food products
FOOD PRODUCT ENERGY CONSUMPTION
MJ / kg Product
Potatoes 1.4
Wheat (Intensive) 3.3**
Wheat (Reduced Input Farm) 3.2**
Wheat (Organic) 2.8**
Field Vegetables 6.5
Peas (Fresh, Local) 9.0+
Peas (Fresh, Imported) 25.0+
Peas (Canned) 17.0+
Peas (Frozen) 24.0+
Bread 15.8*
Orange Juice (Brazil) 5.4***
Orange Juice (Average) 19.6***
Orange Juice (US) 91.3***
Fish (Fresh) 35.6
Greenhouse Vegetables (Summer) 53.9
Pork 66.9
Coffee 69.8
Cheese 72.6
Beef 86.2
Fish (Processed) 87.1
Butter 89.0
Veal 134.8
Greenhouse Vegetables (Winter) 164.9
KEY
* Includes cultivation, processing, transport and marketing energy consumption: Denmark (Weidema et al, 1995).
** Energy consumption up to farm gate only: Switzerland and Britain (EC, 1997).
* * *  Includes cultivation, processing and transport energy consumption: Germany (Kranendonk and Bringezu, 1993).
+ Includes cultivation, processing, packaging and transport energy consumption: Holland (Kooijman, 1993).
All other products include cultivation, processing and transport energy consumption: Holland (Wilting, 1989).
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Figure 1.7 The processes involved in the implementation of strong sustainable development
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Means / End Analysis
Figure 1.8 The emissions for some energy carriers
EMISSIONS
milligrams per megajoule (mg/MJ)
Particulates Sulphur Dioxide Nitrogen Oxides Carbon Dioxide Methane
Electricity 210 668 286 134,590 306
Coal 112 452 222 105,401 385
Fuel Oil 100 1,540 287 112,430 144
Diesel 135 164 1,236 82,590 102
Natural Gas 21 47 79 74,744 214
Source: EC (1997)
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Figure 1.9 UK apple imports in 1993 by country of origin
Origin Quantity
Tonnes
Value
£*10^
France 194354 46.6 82986
Netherlands 19939 4.8 9586
U.S.A 20992 5.0 41226
South Africa 84955 20.4 41226
New Zealand 53117 12.7 9091
Others 43849 10.5 17594
E.C. 240158 57.6 103474
Non E.C. 177049 42.4 81126
Total excluding‘others’ 373358 89.5 167006
Total 417207 184600
Source: CSO (1994)
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CHAPTER 2: THE EFFECTS OF INTERNATIONAL TRADE AND 
RETAILING ON THE ENVmONMENTAL IMPACT AND TRANSPORT 
INTENSITY OF THE FOOD SUPPLY CHAIN
2.1 Introduction
In Chapter 1 the contemporary Food Supply Chain (FSC) and the transportation involved in the 
delivery of a fresh food product to a British consumer was separated into the following transport 
segments:
i. international transportation, if the product is imported;
ii. distribution within Britain;
iii. post-retail transportation including shopping; and
iv. waste management.
Owing to the multiplicity of ways in which fresh produce can be sourced, distributed and marketed, 
the FSC can consist of 0, 1 , 2 ,3  or all 4 of these transport segments (Figure 2.1). For example, if 
apples are sourced in the UK then the international transportation segment (i) is not required. When 
this product is sourced locally the transportation involved in moving apples from their source to the 
consumer can be further reduced, so that transport stages i and ii are avoided. In the instances 
where apples are home grown or sourced locally, with any waste composted (at the point of 
consumption), the transportation and the transport-related environmental impact^® associated with 
the provision of this product can be minimised (Figure 2.1).
Localised food-production and distribution systems, however, now represent only a small fraction 
of fresh-food consumption in Britain. A large proportion of the fresh produce consumed in Britain 
is either imported or grown commercially in certain regions of the UK^\ and within Britain 
distribution of both imported and UK produce is largely by road. This involves transportation by 
truck to a wholesale market or distribution centre and from there to either a greengrocer or 
superstore. Shopping is an activity which is now carried out largely by car, and almost all 
putrescible waste in Britain is collected from households and transported to a landfill site. It has, 
therefore, become commonplace for the distribution of fresh produce to consist of either 3 or 4 of 
the transport stages described above.
This chapter wiU look at the factors which have contributed to this situation, including the changes 
in the scale of apple production; the apple sourcing and distribution systems of retailers; and the 
size and location of retail outlets that have influenced levels of international trade, road freight 
transport and car use. In Appendix 2.1 the general trends in international trade, freight distribution 
within Britain, car and public transport use and walking and cycling are discussed; and in sections
2.3 to 2.3.3 the environmental impacts associated with each different mode of transport are 
assessed. Past, present and future transport policies are then considered in relation to the goal of 
goal of minimising the environmental impacts of systems of production, distribution and waste- 
management.
The changes in the apple sector over the last two hundred years, and particularly over the last fifty 
years, will then be covered in sections 2.4 and 2.5 and compared to changes in the fruit and
Transport here refers to those modes in which people or goods are moved and energy, in the form of fossil fuels, is 
directly consumed, resulting in air pollution. Walking and cycling are not considered as being modes of transport 
with a direct environmental impact.
Commercial apple-producing areas in Britain, for example, include Kent, Worcestershire, Somerset, Devon, 
Sussex and East Anglia (see Figure 1.2.3 in Appendix 1.2).
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vegetable sector as a whole. The issues that will be discussed include changes in the levels of 
production in the horticultural sector in Britain over the last 40 years, and the effect of imports on 
British production and the magnitude of international transportation. Sections 2.7 to 2.9 will then 
assess the impact which changes in retailing distribution systems have had on the distances, and the 
number of journeys, involved in both shopping trips by car and road freight distribution.
The main issues that will be addressed in parts 2(b) and 2(c) are: the trends in UK fruit and 
vegetable production, the sourcing of fresh produce, and the rise to prominence of the multiple 
retailers. The changes which have occurred in these areas wiU be related to changes in the transport 
intensity of the FSC. Finally, section 2.11 looks at environmental analyses of the food system and of 
individual food products. A summary of this chapter is provided in section 2.12.
PART 2(a) TRANSPORT SYSTEMS
2.2 Background
In Britain there has been a marked increase in both freight and personal (car) transport and in the 
movement of both people and goods since the second world war, especially by road, which has 
raised levels of personal mobility and contributed to the variety and range of products now available 
to the consumer. At the same time public transport and rail in particular have come to constitute 
only a small fraction of passenger and freight kilometres. Adams (1992) has estimated that each 
person in the UK travels on average 120 miles per week and accounts for the movement of 60 
tonne-kilometres of freight by road per week. The recent expansion of transport, and the associated 
environmental burdens which are analysed in this section, have been described by The Royal 
Commission on Environmental Pollution as the latest stage in a process of growth which has been 
shown to be exponential over the last two hundred years (RCEP, 1994).
In Appendix 2.1 the trends in the following areas are discussed:
i. the transportation associated with international trade;
ii. road freight distribution within Britain;
iii. car use.
The analysis in Appendix 2.1 shows that there have been significant increases in each of these areas. 
In the following sections the environmental impacts associated with these activities are discussed 
and in section 2.9 the foUowing issues are described:
• the transportation associated with imports o f apples and other fresh produce over the last 50 
years;
• the distribution of fresh food produce within Britain;
• shopping for food.
2.3 The Environmental Impacts of Transport
The increases in private car use, road freight distribution and international transportation by ship, 
road and plane, outlined in Appendix 2.1, have an impact in terms of human health and safety, 
encroachment into peoples lives, finite-resource consumption and air pollution. The resource- 
consumption and pollution (or in other words the thermodynamic throughput) of transportation, 
and of road, sea and air transport, in particular, also have a major effect on the goal o f minimising 
the energy and material throughput associated with economic activity, as discussed in Appendix 
1.1. The environmental impacts associated with transportation are manifest, firstly, in the 
infrastructure required (including maintenance and waste management); secondly, in terms of the
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burdens associated with vehicle construction (and again the eventual waste management); and 
thirdly the direct fuel consumption and air emissions of each vehicle journey (as well as any ongoing 
repairs and maintenance to the vehicle in question).
“Road traffic is adding substantially to the local air pollution that is damaging health and hastens the death of 
thousands each year. In the UK, road transport is also the fastest growing contributor to climate change - the 
greatest threat facing the international community” (DETR, 1998).^^
The impacts of air emissions originating fi*om road transportation are to be observed at every level 
from local to global. These range from localised effects (for example, the toxicity of carbon 
monoxide) through regional effects (such as ground-level ozone episodes) and national and 
transnational effects (acid deposition) to the global significance of carbon dioxide as a greenhouse 
gas contributing to what could be irreversible climate change (RCEP, 1994). The consumption of, 
and dependency on, finite sources of energy and of oil-based products by transport systems and by 
road, air and shipping modes, in particular, is of concern. Transport already accounts for a large 
proportion of energy use and petroleum consumption in the and based on government figures 
this is predicted to increase (DoT, 1989). Additionally, noise and vibration, fiimes and dirt, 
accidents, the land use of transport infrastructure and the destruction of wildlife habitats, are all 
‘external’ costs of Britain’s transport system (Adams, 1992).
The list below summarises the environmental implications of road transport systems^ "^  and is similar 
to that drawn up by the Royal Commission on Environmental Pollution (RCEP, 1994).
• The consumption of finite fossil fuels: known reserves of oil are expected to last between 40 and 
50 years (Jacobs, 1993). The transport sector in the UK is highly dependent on finite fossil fiiels, 
as discussed in Chapter 1 and in Section 2.3.1 (RCEP, 1994).
• Emissions which become pollutants as they cannot be absorbed into natural cycles: 408 elements 
and compounds have been identified in diesel and petrol exhaust emissions and petrol vapour, 
many of which are man-made and do not occur naturally^^ (Ball, 1991).
• Emissions which become pollutants as they are not absorbed into natural cycles because they are 
released in quantities which cannot be absorbed.
• Solid waste: plastics, produced from derivatives of crude oil, constitute 12% of materials used in 
car construction; and used tyres also represent a major waste disposal problem. Of the 40 million 
scrap tyres requiring disposal each year, two-thirds are landfilled or dumped illegally (Royal 
Commission on Environmental Pollution, 1994).
• Aggregates are also a non-renewable resource: road construction and repair requires 90 million 
tonnes of primary and secondary aggregates a year. It is estimated that 43 per cent of high 
quality aggregates produced from rock are used in road construction and that 120,000 tonnes of 
aggregates are needed to build a kilometre of motorway (RCEP, 1994).
However, environmental damage is not restricted to the effects of vehicle exhausts. Pollution occurs thoughout the 
life cycle of a vehicle, beginning with the extraction of the raw materials required, through its usefiil life, to final 
disposal. Maintenance and spare-parts supply and disposal also have associated environmental impacts and further 
threats to the environment result from the resource and energy consumption associated with transport 
infrastructure. “Demands for large areas of land for roads, car parks and service stations continue to destroy not 
only unique vdldlife habitats and areas of outstanding natural beauty (AONB), but also parts of our towns, homes, 
historic sites, and recreational areas which add to the quality of life for many people” (Holman and Fergusson,
1992).
See sections 2.3.1 and 2.3.2.
The direct energy consumption and emissions of transportation (outlined in 1, 2 and 3) will be analysed in this 
study. The indirect energy and resource consumption and emissions of transportation (outlined in 4, 5 and 6) will 
not be quantified.
Details of the emissions originating from the transport sector are provided in sections 2.3.3 and Appendix 2.2.
25
• Land is also a finite resource (DETR, 1998) and farming land and other areas of the countryside 
including Areas of Outstanding Natural Beauty (AONB) and Sites of Special Scientific Interest 
(SSSI) have in the past been replaced by roads, or mines for aggregates. Even if areas of the 
countryside have not been categorised in this way the conversion to roads and motorways has an 
impact on the landscape, farming, local biodiversity and amenity. In England alone in the late 
1980’s an area of 10,500 hectares, equivalent to the size of Bristol, was taken for road building 
and parking (DETR, 1998).
2.3.1 Energy Consumption^^
Research by the Organisation for Economic Co-operation and Development (OECD) suggests that 
transport activities account, on average, for about 30 per cent of total energy consumption in 
industrialised countries, and that transport systems are almost wholly dependent upon petroleum 
products derived fi*om crude otf^. In the UK, transport accounted for 33 per cent of energy 
consumption by total final use in 1994 compared to 21 per cent of the total in 1974 (DoT, 1995).
In 1994 road vehicles accounted for 82 per cent of the total energy consumed by the transport 
sector, air travel 13 per cent, rail 3 per cent and inland waterways 2 per cent. The two 
unprecedented increases in oil prices in the 1970’s prompted many governments to focus on the 
need for energy conservation. Nevertheless, between 1974 and 1994 the petroleum consumption of 
the road transport sector in Britain rose by over 63 per cent, and in 1994 petroleum provided over 
99 per cent of the energy used by transport systems (DoT, 1995). Transport’s rising share in 
petroleum consumption illustrates the dependence of this sector on fossil oil. The main reasons are 
the growth in trafiSc and vehicle numbers (see Appendix 2.1) and the relatively low cost of 
motoring (ECTM/OECD, 1990). Although the average fiiel consumption of new cars registered in 
the UK fell by about 20% between 1978 and 1987, in recent years, there has been a tendency for 
new cars to become heavier and more highly powered (the average engine-size of new cars has 
risen fi*om 1396cc in 1973 to 1540cc in 1992) so that average fuel consumption increased between 
1985 and 1993 (RCEP, 1994). A report of Indicators o f  sustainable development, published as a 
follow up to the governments’ response to the Rio Declaration, showed that the average Briton 
travels less far for each gallon of fuel consumed in 1995 than they did in 1970, despite claims of 
more efficient car engines (DoE 1996). Brown (1996) made the following observation:
“Overall the report paints a gloomy picture of efforts to improve the environment, particularly in Transport. The 
key to the trends is the cost of travel. In 1970 only the comparatively well off could afford to travel by car, which 
was more expensive than public transport. Since then, as disposable incomes have risen the real cost of motoring 
has fallen, along with the price of petrol and oil. At the same time bus and rail fares have risen dramatically. As a 
result luel efficiency has gone down. Millions of people travel to work singly in cars, much of the time sitting still 
in traffic jams instead of sharing a bus or train and using less fuel per mile. Overall, fuel use for road transport has 
increased 90 per cent in 25 years” {Brown, 1996).
The internal and external costs of road transportation are discussed in Appendices 2.4 and 2.5, 
respectively. Britain will exhaust its domestic oil supplies in 14 years time (DoE, 1996) and the 
amount of crude oil required by road transport systems could, therefore, have implications for 
future energy security (Roberts, 1992).
The figures quoted for petroleum and energy consumption relate only to the direct fuel consumption of 
transportation. They are based on DoT data which do not include the energy consumption associated with vehicle 
or infrastructure construction, maintenance and waste management. If these factors were considered then the total 
energy consumption would be greater.
In the UK, the transport sector accounted for 55% of petroleum consumption in 1994. Air, road, water and rail 
transport were responsible for 9%, 44%, 1% and 0.7% , respectively, of petroleum products consumed in this year. 
Petroleum consumption by the transport sector increased from 27.92 million tonnes in 1974 to 44.83 million tonnes 
in 1994, and, as a percentage of total UK petroleum consumption, doubled during this period (DoT, 1995).
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2.3,2 Primary energy consumption offreight and passenger transport by mode
Passengers and freight may be moved from one location to another by road, rad, plane, inland 
waterway and by ship with each mode of transport having an associated environmental impact in 
terms of energy consumption and air emissions. Primary energy consumption and air emissions of 
freight and personal transport depend on several factors including the type of vehicle and its fuel 
efficiency, load rate and speed (Figure 2.2). When comparisons are made and the performance of 
each mode is expressed in some unit of work done (e.g. passenger-kilometres for the movement of 
people, and tonne-kilometres for freight movement) a wide range of values is revealed which in aU 
cases identifies road transport as the most energy-intensive and polluting land-based mode 
(Whitelegg, 1993). Figure 2.2 shows that freight transport by road consumes between three and 
seven times more energy per tonne-khometre than rail. However, as shown in Appendix 2.1, only 6 
per cent of goods in the UK are transported by rail, with a large fraction of the remainder moved by 
road (DoT, 1994).
The figures provided for the energy consumption of various modes of transport in Figure 2.2 are 
only general guidelines, as the energy consumption varies according to not only the mode but also 
the vehicle efficiency, load rate, vehicle capacity and type, and whether the journey is in urban, rural 
or motorway conditions. This applies particularly for road freight, where factors such as road type 
(i.e. motorway, rural or urban driving conditions) influence the speed through both the legal speed 
limit and traffic flow and congestion.
In the case of passenger transport (which in this study concerns shopping trips) travel by bus is the 
most energy efficient mode (consuming on average 0.74 MJ per passenger per kilometre) and large 
petrol cars the least efficient (Figure 2.2). The energy consumed for car travel depends on the 
engine size and the conditions (described above) and ranges from 2.1 to 6.6 MJ per vehicle- 
kilometre. For all forms of passenger travel the energy consumption also varies according to the 
number of passengers. Therefore, travelling on a single-decker bus with average loading consumes 
between 3 and 9 times less energy than car journeys in which the car contains only one person. 
Figure 2.3 also provides a comparison of the energy consumption of private and public transport, 
considering typical and maximum loading of all modes of passenger travel (Hughes, 1992). Based 
on these data, and for typical loading for car and bus travel, bus travel consumes 5 times less energy 
than a large petrol car and 2 times less energy than a small diesel car.
The increases in overall levels of both freight and passenger transport and the move to road based 
modes, described in Appendix 2.1, explain the increases in energy consumption for which transport 
is responsible (as discussed in sections 2.3 and 2.3.1). The shift to road transportation over the last 
50 years has therefore resulted in a less energy-efficient transport system. In terms of passenger 
travel from an environmental perspective, bus travel is more energy-efficient than travel in a small 
diesel car which in turn consumes less energy than a large petrol car; however, the most 
environmentally efficient modes of travel are on foot and by bicycle. Similarly, for national and 
international freight transport, distribution by plane is the most energy-intensive (and 
environmentally damaging), followed by road, rail then shipping. Thus, a general ‘hierarchy for 
transport’, based on energy consumption and environmental impact, can be constructed, as in 
Figure 2.4. The trend toward moving more people and goods by road and by plane (Appendix 2.1) 
represents a shift away from the most energy-efficient and environmentally benign modes of 
transport. The analysis in Appendix 2.1 shows that as the total amount of travel has increased, 
“there has been a marked shift away from the most egalitarian and environmentally benign modes of 
transport to the most socially divisive and environmentally damaging” (Adams, 1992).
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2.3.3 Air Emissions
Transport has become one of the most polluting of all human activities, and emissions, primarily 
from road vehicles, have a major impact on both human health and the environment. Over four 
hundred chemical compounds have been identified in exhaust emissions and fuel vapour from petrol 
and diesel vehicles, including inorganic compounds such the oxides of nitrogen, carbon and sulphur 
as well as organic hydrocarbons; alkanes, alkynes; aldehydes; ketones; carbolic acids; esters; 
alcohols; ethers; nitriles; sulphides and organometallic compounds (Ball, 1991). Figure 2.5 shows 
the principal ways in which petroleum-powered vehicles give rise to pollution with pollutants 
represented in this diagram by black arrows. Air-poUution problems vary according to the 
concentration of the pollutant, the duration of exposure of the affected population or environment 
and the toxicology of the pollutant. In some cases damage will not occur until a certain threshold 
level is exceeded, in others the impacts will be felt immediately. Air pollution impacts may occur 
locally, regionally or globally and either directly or due to secondary pollutants, which form as a 
result of chemical reactions of the original emissions with other substances in the atmosphere. 
Appendix 2.2 describes the main air pollutants originating from road transport and the human health 
and other environmental effects of particulate matter, nitrogen oxides, carbon dioxide, 
hydrocarbons, carbon monoxide, tropospheric ozone and organic compounds. The proportion of 
total UK emissions of each of these pollutants which originate from the UK transport system are 
shown in Figures 2.6 and 2.7. Within the UK, transport systems are responsible for 90, 57, and 48 
per cent of all carbon monoxide, nitrogen oxides and particulate emissions, respectively (Figure 
2.7).
Road transport vehicles are the source of almost all carbon monoxide, particulate and volatile 
organic compound (VOC) emissions; 89 per cent of nitrogen oxide (NOx) emissions and almost 
half of all sulphur dioxide emissions from the transport sector; whereas rail transport is accountable 
for less than one per cent of all transport related carbon monoxide and VOC emissions, and only 2 
per cent of the nitrogen oxide and sulphur dioxide emissions from the transport sector (Figure 2.7). 
Benzene emissions from road transport are responsible for 80 per cent of the total UK emissions of 
this pollutant, and road transport vehicles account for approximately half of all UK emissions of 
nitrogen oxides, black smoke and volatile organic compounds and over a fifth of all UK carbon 
dioxide emissions (Figure 2.6).
A further breakdown in Figure 2.8 shows that of all emissions from road transport, cars are 
responsible for 88 per cent of carbon monoxide emissions, 84 per cent of VOC emissions and 72 
per cent of nitrogen oxide emissions. Goods vehicles (HGV’s and LGV’s) account for 84 per cent 
of all particulate emissions and 56 per cent of all sulphur dioxide emissions from road transport 
systems. Considering all UK air emissions, cars are, therefore, responsible for approximately 80 per 
cent of carbon monoxide emissions and approximately 39 per cent of all NOx emissions. Goods 
vehicles are responsible for approximately 40 per cent of all particulate matter and 23 per cent of aU 
sulphur dioxide emissions released each year in the UK.
The Transport Studies Group (1993) at the University of Westminster has determined the increase 
in pollutants emitted by road transport in Britain between 1980 and 1990 (Figure 2.9). The amount 
of pollutants emitted by road transport rose during this period with significant increases, of between 
40 and 68 per cent, in emissions of nitrogen oxides, carbon monoxide, carbon dioxide and volatile 
organic compounds. It is estimated that carbon dioxide emissions from road transport doubled 
between 1970 and 1990 from 16 million tonnes of carbon (MtC) to 30 MtC (RCEP, 1994). These 
increases and the present levels of pollutant emissions from road transport are due to the increases 
in car and road freight activity, discussed in earlier parts of this chapter. Road transport was 
responsible for 80% of all transport related carbon dioxide emissions in 1995.
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“As traffic emissions grow, we are even changing the very climate of our planet” (DETR, 1998).
“Climate change is one of the greatest threats facing the world today and the evidence now points 
to a discernible human influence on the earth’s climate through the emission of greenhouse gases” 
(DETR, 1998). Carbon dioxide is the dominant greenhouse gas affected by human activity and was 
estimated to contribute to 65 % of the enhanced greenhouse effect in the 1980’s (RCEP, 1994; 
Figure 2.10). Of all UK carbon dioxide emissions, 21 per cent come from surface transport, or 
about 24 per cent if electricity generation for transport and the production of transport fuel are 
included (RCEP, 1994). In the UK, transport’s share of carbon dioxide emissions has grown from 
around one tonne in eight in 1970 to more than one tonne in four in 1995.
According to Department of Transport (DoT, 1989) forecasts for road traffic, UK emissions of 
carbon dioxide from road traffic wiU show fiirther substantial increases over the next 25 years and 
carbon dioxide emissions from transport systems are expected to grow at a faster rate than any 
other sector of the UK economy^^ (RCEP, 1994). Catalytic converters are not fitted to diesel 
vehicles and even when fitted to petrol cars do not remove carbon dioxide from exhaust gases, and 
in fact lead to a small loss of fuel efficiency. Added to the increases in road traffic is the fact that the 
average fiiel efficiency of new vehicles worsened between 1985 and 1993, and as more fuel is 
consumed more carbon dioxide is released to the atmosphere (RCEP, 1994).
In section 2.10 the proposals put forward by the Royal Commission for Environmental Pollution 
(RCEP, 1994) and the government in the Transport White Paper of 1998 (DETR, 1998) in order to 
reduce the environmental burdens associated with transport systems will de discussed. In the 
following sections the spatial distribution and the transport intensity of the FSC will be discussed, 
with particular attention to the sourcing and cultivation systems of dessert apples and other fresh 
produce (research question 3). The influence of British and EU trade, agricultural and transport 
policies on the transport demand in the sourcing and distribution systems of apples (and other fresh 
produce) wül then be assessed, as well as the impact of changes in retailing systems over the last 
few decades (research question 8).
PART 2(h) THE APPLE AND THE FRESH FRUIT AND VEGETABLE 
SECTORS 
2.4 The apple sector from a historical perspective
In Britain it was towards the end of the 18th Century that apple cultivation and distribution began 
to move from a largely locally-based activity to a national level. “Towns and cities were growing 
rapidly, together with the network of roads and canals which linked them, and like every other 
aspect of life, food production and distribution was changing” (Morgan and Richards, 1993). Road 
improvements meant that areas which did not previously have access to major towns and cities 
could be drawn into the supply network, and produce could be distributed by horse-driven coach.
“The market gardener, Henry Scott of Weybridge in Surrey, advertised that he could now supply customers by 
‘the Chertsey coach which goes every day to London’, and by the 1770’s the metropolis and its affluent suburbs 
could buy table fruits grown as far away as Hertfordshire, Essex and even Worcestershire” (Morgan and 
Richards, 1993).
The canal network was also utilised to transport Worcestershire apples as far as Staffordshire and 
Lancashire and from the 1830’s the completion of the railway line between London and Dover 
enabled the orchards in Kent to send apples to London. A short while later there were rail
The potential of increased fiiel duty as a tool to reduce transport related carbon dioxide emissions is discussed in 
Appendix 1.3.
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connections to the West Midlands and East Anglia. A few decades later, developments in 
refrigerated sea transport^^ were beginning to affect British fruit growing in a different way, as it 
became possible for North America and later the countries of the Southern Hemisphere to send 
apples stored in barrels to Britain. “Barrels of apples, packed between blocks of ice being shipped 
around the world as part of the Massachusetts ice trade, was the first attempt at cold storage 
transportation and by the second half of the 19th century research into mechanical refrigeration was 
gathering momentum” (Morgan and Richards, 1993). Refiigerated transportation permitted the 
export of perishable finit and meat products, including apples from Australia, Canada, and the 
U.S.A to Britain.
“In the United States, the first refrigerated railcar - the ‘Tiffany’- came into use in 1872 to carry fresh produce 
from New Jersey and Long Island to New York, and in 1899, as part of a strenuous effort to expand their finit 
exports, the eastern states sent a refrigerated consignment of choice winter apples to the Paris Exhibition. Packed 
into barrels, they were shipped to Southampton, and from there taken to a meat storage establishment at Le Harve. 
No other country, not even France, succeeded in maintaining a display of fresh fruit throughout the entire period of 
the exhibition, and the success of this experiment stimulated a major research initiative into the handling and 
storage of fiuit in the U.S.A” (Morgan and Richards, 1993).
Even in the eighteenth and nineteenth centuries it was the market price, including international 
commodity prices, that dictated what was grown in Britain. As the market price of apples 
fluctuated, and cheap imports began to arrive, the growers could not plan ahead and make the long 
term commitments required when cultivating orchard finit.
“Historically, farmers only took a keen interest in finit when grain and livestock prices fell, and since the 1760’s, 
when profits from mainstream agriculture had begun to rise again, farmers had paid little attention to their 
orchards. Table finit, in any case, had never promised reliable profits as English apples always had to contend 
with French competition. The fact that beer had finally triumphed over cider for the first place in the Englishman’s 
tankard also had an effect and many farmers deserted apples for hops” (Morgan and Richards, 1993).
Improvements in freight transport by sea together with the implementation of Britain’s free trade 
policy in 1838, which led to the lowering of the duty on imported apples from three shillings per 
bushel to a purely nominal sum, meant that British apple growers were to face competition on an 
unprecedented scale (Morgan and Richards, 1993). For British apple growers the competition from 
abroad began with ‘cheap’ and ‘immaculate’ apple imports from Canada and America and by the 
1890’s Australia, New Zealand and South Africa had begun to export large consignments of apples 
to Britain (Morgan and Richards, 1993). “Their strategy, deadly effective, was to focus on 
producing a small number of varieties that they could ship in bulk” (Morgan and Richards, 1993). 
In America and Canada growers were ‘single-minded in their pursuit of good commercial apple 
varieties’ after the industry was founded by pioneers in the mid- to late-eighteenth Century. 
Transatlantic apple growers also benefited from the rapid expansion of industrial centres, 
waterways and railroads (Morgan and Richards, 1993).
With increasing competition in the form of cheap and better quality apples from abroad the British 
apple industry went into decline. Between 1840 and 1850:
“Orcharding and tree management were at their lowest ebb. The orchards of Kent which had for over a century 
supplied finit to London became gnarled, cankered and unproductive. It was small wonder that with the growing 
populations of the towns hungry for apples, imported American and Empire finit found little opposition in the 
British markets” (Morgan and Richards, 1993).
Apart from refrigerated transportation and the move to large scale, specialised production for export, the main 
factor which has influenced the levels of international trade in foodstuffs has been increases in the speed of 
international transportation, which is discussed in Appendix 2.3.
30
In response to increasing imports, British growers formed the British Pomological Society, and also 
began to specialise in Cox’s Orange Pippin, which survives to this day as the mainstay of the UK 
industry. Until this move to specialisation and large scale production, apples were not grown in 
Britain by specialist producers as orchards were traditionally a part of mixed farms and market 
gardens (Morgan and Richards, 1993).
As apples were distributed over ever greater distances the size of individual orchards increased, 
accompanied by a move to specialisation, which resulted in individual orchards producing a large 
volume of only a few varieties of apples. Thus, food production and distribution became locked into 
a large-scale logistic system based on one farm or orchard supplying a single product to national 
and international markets. However, as long ago as 1909 the susceptibility of monocultural 
production to disease and pest attack, resulting in the need to spray with chemicals, became 
evident:
“Cox’s Orange Pippin became so plagued with disease that, by 1909, it seemed likely it would bring the entire 
industry to ruin. In the nick of time, with American Jonathan’s and Canadian Macintosh’s massing on the horizon, 
the cavalry arrived in the shape of lime sulphur sprays and Cox regained its healthy complexion” (Morgan and 
Richards, 1993).
One consequence of this move to specialisation has been the limitation of commercial apples to a 
tiny fraction of the number of known varieties (see Appendix 1.2). Additionally, as Southern 
Hemisphere apples started to arrive in March each year, there was little to be gained by growing 
very late dessert varieties that could be kept until the beginning of the following crop year which 
began in July. Thus, imports in the 1890’s resulted not only in British growers specialising in a few 
apple varieties but also a shortening of the growing season, which marked the end of year-round 
availability of British apples. At this time British apple breeders and nurserymen also began to 
concentrate on what the market wanted, in terms of planting recommended varieties, and on the 
management, picking and storage of crops. This resulted in apple production becoming more 
commercial so that for the first time it could be described as an industry.
To promote British finit the ‘Fruit Campaign’ was launched by the Royal Horticultural Society 
(RHS) and as a result there was not a county in England which was not producing apples, even 
outside the main growing areas in the Thames Valley, Kent, West Midlands, Essex, Cambridgeshire 
and Worcestershire. Influenced by French growers, British orchards began to pay more attention to 
the grading, packaging, storage and presentation of their produce and by 1900 the consumption and 
quality of English apples had soared (Morgan and Richards, 1993). Even so, the struggle against 
imports continued and at the turn of the century the success of the Fruit Campaign was to have 
established the basis of a modem industry, rather than to have ‘won the war’ against apple imports 
(Morgan and Richards, 1993). This was largely due to the policy of supporting the Empire at the 
expense of home production, a strategy which was to continue to undermine the position of English 
apples for some time:
“The British fruit market became a battleground in which American and Continental apples fought it out with 
those from the Empire, and home-grown apples struggled to stay in the field at all. Such competition had been 
encouraged by the launching in 1923 of the ‘Eat more Fruit’ campaign. Organised by the shippers of Liverpool 
and seized upon by the fruit trade in general, its aim was primarily to boost its own business which stood to gain 
more from Empire than home-grown finit” (Morgan and Richards, 1993).
The fierce competition between countries exporting apples to Britain meant that they vied with each 
other to produce the best-looking and most attractively presented finit. The main British varieties, 
including Coxes, could not compete on the grounds of colour or ‘finish’, which in the market-place 
increasingly counted for more than flavour. In response, British growers addressed themselves more 
seriously than ever to quality and presentation through the Ministry of Agriculture’s National Mark
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Scheme and more significantly by the use of pesticides. As part of the policy to encourage Empire 
produce the old fi*ee-trade policy was reversed, and in 1932 import duties were levied on non- 
Empire goods. With the United States and Europe disadvantaged by import taxes, it was imports of 
Canadian apples which became the main competitor for British growers; as the growing season in 
Britain had already been shortened. Southern Hemisphere finit did not clash with the British season. 
During the Second World War, the gains of the limited protectionist measures slipped away as 
orchards were pulled up to make way for basic foodstuffs and, as the Empire began to break up, the 
major competitor became European finit fi*om the new orchards planted in France and Holland 
following the war (Morgan and Richards, 1993).
2.5 Trends in the fresh fruit and vegetable and the apple sector in recent decades
“The modem apple ‘industry’ now bears little resemblance to its counterpart of 200 years ago. No longer is it a 
sideline for mixed farms and market gardeners, but a highly specialised enterprise. Intensive orchards with their 
tightly packed rows of dwarf trees are far removed from the meadow orchards of the past and their management, 
including pest control, apple storage and distribution, has become a science. Modem storage has done much to 
remove the concept of seasonality and it is this, among other factors, which enables supermarket chains to demand 
- and be offered - the same narrow range of varieties all year round. It is the combined effect of supermarket 
criteria, technological sophistication and the sheer scale of the modem apple industry which have both 
dramatically reduced the range of apples grown, and made apples an intemational, rather than a regional 
commodity. Relatively few varieties meet the demands of modem production and distribution. As every variety has 
different requirements an individual producer is compelled to concentrate on only one or two in order to reap the 
benefits of scale. In consequence, the number of varieties that are now grown on a large commercial scale is 
limited” (Morgan and Richards, 1993).
The UK has come to rely increasingly on imported foods, which displaces UK agricultural 
production and requires that other goods be exported to set against the cost of imported food 
(Lang and Hines, 1993). In Britain in 1993 the food trade deficit had risen to £6.7 billion (Food 
From Britain, 1994). A large proportion of food imports, approximately 70 per cent, is sourced in 
countries of the European Union where the produce is available at similar times to that grown in 
Britain and which have similar climates to the UK, while many do not have the water supplies 
which we have in Britain (Paxton, 1994). As a result the UK is now in substantial deficit in a 
number of crops which are grown in this country. The National Farmers Union reported in 1991, 
that the trade-deficit in finit grown in the UK was £424 million (HCAC, 1995). Fresh finit and 
vegetables account for 42 per cent of the food trade deficit, at £2.8 billion. Since 1980, the trade 
deficit in finit and vegetables has risen by about 25 per cent (HCAC, 1995). Apples account for 
over £80 million of this deficit and in 1993 imports of dessert apples amounted to £184.6 million'*® 
(Figure 2.11; CSO, 1994).
Figure 2.12 provides separate plots of UK output and imports of finit and of vegetables (excluding 
potatoes), and shows that since 1955, when food rationing ceased, finit imports have increased 
significantly while UK finit production has declined (MAFF, 1998). UK imports of vegetables have 
increased since 1975 and although UK output of vegetables has been erratic, UK vegetable 
production in 1997 was roughly the same as in 1970. When the fi*esh-produce sector is considered,
i.e. finit and vegetables combined, the average vegetable and finit output in Britain between 1960 
and 1997 was about 3300 thousand tonnes but imports of finit and vegetables doubled fi*om less 
than 2000 tonnes in 1960 to almost 4000 tonnes in 1997. 1994 marked an important point for UK 
horticulture, as for the first time imports of fresh produce (again excluding potatoes) exceeded 
British horticultural output, with this trend continuing after 1994.
Because apples can be stored for long periods they are imported largely by ship or by truck (in the case of imports 
from Continental Europe), unlike other fresh produce such as strawberries and green beans which are often air­
lifted.
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Concentrating on the fruit sector, Figure 2.12 shows that UK fruit output increased and imports 
decreased during the second world war, but between 1955 and 1970 fruit imports began to rise 
shghtly and UK fruit output remained largely static. However, between 1970 and 1997 fruit imports 
increased significantly, on average by 48 thousand tonnes a year and UK finit output declined, by 
9.9 thousand tonnes a year on average. Concentrating on the plots for finit imports and UK finit 
production in Figure 2.12, one notes with interest that the shape of the trend in imports is mirrored 
(almost perfectly) in the trend for UK production: as finit imports have increased, UK finit 
production has declined accordingly. The trend in both the decrease in UK finit output and the 
increase in UK finit imports has become more pronounced since 1970 (Figure 2.12).
Britain’s self-sufficiency in both finit and vegetables, which is the fraction of UK consumption 
represented by UK production, has declined in recent decades (Figure 2.13). Between 1938 and 
1975 Britain was between 75% and 83% self-sufficient in vegetables, but since 1975 this value has 
declined and in 1996 Britain’s self-sufficiency in vegetables (excluding potatoes) fell below 70%. In 
1952 Britain was over 46% self-sufficient in finit products but this has declined sharply to reach 
only 10% in 1997, which means that in 1997 for every 10 kilograms of finit purchased, on average 
9 kilograms were imported.
The decline in UK horticultural production, due to increased imports, is exemplified by the case of 
the fresh apple sector since the 1960’s. Figure 2.14 shows that British apple production increased 
between the calendar years of 1952 and 1965 but decreased from this time and fell below 100 
thousand tonnes in 1997. In 1970 imports were roughly equivalent to UK production; however, in 
the meantime UK output has more than halved and imports have doubled. Apple imports increased 
steadily between 1952 and 1997 and between 1970 and 1988 at an average annual rate of over 11 
thousand tonnes. Figure 2.14 shows that between 1970 and 1997 UK apple production fell by 3.4 
thousand tonnes per year and imports increased by 5.8 thousand tonnes per year, with UK apple 
imports doubling between the crop years of 1965/66 and 1997/98. When the changes in the apple 
sector (Figure 2.14) are compared to the changes in the finit sector as a whole (Figure 2.12), the 
decrease in UK apple production represents 34% of the fall in UK finit production since 1970.
Between 1947 and 1957 the British cropped area of apples increased from 22.8 thousand hectares 
to 26.5 thousand hectares (Figure 2.15) and this remained fairly static between 1957 and 1960. 
Since this time the cropped area of dessert apples in Britain has fallen by almost a third to 8,300 
hectares. Between 1970 and 1997 the cropped area of dessert apples fell, on average, by 540 
hectares per year (Figure 2.15). As a consequence of the decline in the fraction of apples sourced in 
the UK, Britain’s self-sufficiency in this product, fell from 58% in 1960 to 18% in 1996 (Figure 
2.16). Figure 2.17 shows that in 1993 the quantity of apples imported by Britain exceeded the fruit 
output o f  the whole o f  Britain’s horticultural sector.
Despite increased usage of external inputs such as pesticides, fertiliser and machinery over the last 
60 years, commercial apple yields have increased only shghtly, by 0.1 tonnes per hectare annuaUy 
on average between 1947 and 1988 (Figure 2.18). The yield for British apple production was 11.1 
tonnes per hectare in 1947, 9.75 tonnes per hectare on average between 1947 and 1964, and 12.2 
tonnes per hectare between 1972 and 1997. However, in 1997 the yield was only 8.6 tonnes per 
hectare (Figure 2.18).
In 1993 almost 58 per cent of fresh apples imported into the United Kingdom originated from 
member European Union nations (as shown in Figure 2.11). This means that over half of all apple 
imports were from countries with a similar growing and harvesting season to that in the UK. France 
exported 194,354 tonnes to the UK, accounting for 46.6 per cent of all imports, and HoUand 4.8 
per cent. The remainder were sourced in the United States (5%), New Zealand (12.7%) and South
33
Africa (20.4%) with 10.5 per cent coming from ‘other’ countries. In total 417,207 tonnes of apples 
were imported by Britain in 1993.
Therefore, between 1960 and 1997 the UK cropped area (hectares) of dessert apples fell by a third 
and UK apple production (tonnes) fell by a quarter (MAFF, 1998). This trend is reflected in the fact 
that in the last 25 years more than half of the commercial orchards in the UK have disappeared 
(MAFF, 1998). In the year which the empirical data were collected for this study, 1993, only 25 per 
cent of all the dessert apples consumed in Britain were grown in the UK as shown in Figure 2.16, 
which fell to 18% in 1997. These trends, and the reasons for the decline in the UK commercial 
apple sector will be discussed in the following sections, first of all by looking at horticultural policy 
within Britain and Europe and then by assessing the impact of recent changes in the sourcing policy 
of retailers.
2.5.1 EU Fruit and Vegetable Regime
The European Union (EU) fresh finit and vegetable regime is one of the oldest in the Common 
Agricultural Policy'** (CAP) and is intended “to achieve a balance between supply and demand and 
to obtain fair prices for producers...while encouraging specialisation within the Community. To 
achieve this, the regime sets up common rules on competition, a price and intervention system, and 
arrangements for trade with third countries” (HCAC, 1995). To facihtate trade between member 
states and third countries the regime lays down so-called ‘common quality standards’ for fresh 
produce, classifying them in accordance with size and quality of produce and packaging and 
presentation criteria. However, the House of Commons Agricultural Committee have observed 
that:
“Quality standards for fruit and vegetables have been used to restrict supplies to the market in order to raise 
prices... Ensuring that only large-sized, top-grade fruit and vegetables are on the market does not favour low 
income consumers, whose health is adversely affected by lack of fresh fruit and vegetables in their diet” (HCAC, 
1995).
Intervention, in the form of compensation paid to producer organisations for withdrawal from the 
market of marketable produce, is applicable to eleven types of fruit, of which only apples and pears 
are grown in the UK. The intervention system for finit and vegetables is not intended, as in certain 
other CAP regimes, to provide comprehensive long-term structural support for prices, but to act as 
a safety net of last resort for producers at times of seasonal gluts on the market; and for this reason 
withdrawal prices are set below normal market levels. Produce withdrawn may be distributed to 
charitable organisations, used as animal feed, distilled into industrial alcohol or destroyed. In 1992 
60 per cent of withdrawals were destroyed (HCAC, 1995).
The tenets of the Common Agricultural Policy (CAP) were determined by the original treaty of the European 
Community, the Treaty of Rome, in 1958. The objectives of the CAP as set out in article 39 were to increase 
agricultural productivity by promoting technical progress and by ensuring the rational development of agricultural 
production and the optimum utilisation of the factors of production, in particular labour; thus to ensure a fair 
standard of living for the agricultural community, in particular by increasing the individual earnings of persons 
engaged in agriculture; to stabilise markets; to assure the availability of supplies; and to ensure that supplies reach 
consumers at reasonable prices. CAP has achieved the objective of price stability in the EU. However, it has also 
led to over-production and a move to intensive agricultural production. It also affects the ability of other policies for 
environmental protection to work (Pearce, 1993). During the 1990’s payments to farmers under CAP amounted to 
approximately half of the total EU budget (£65 billion per year in 1998). Budgetary and environmental pressures 
led to CAP reform in 1992 (called the MacSharry reforms). The main principles of the reforms were: price 
reductions to reduce oversupply incentives; supply control measures in the form of set-aside requirements and cuts 
in production quotas; direct income support decoupled from production. The major regimes of cereals, dairy 
products and beef were all reformed but the market organisation for fruit and vegetables, olive oil and wine 
remained (Pearce, 1993). Further CAP reforms (Agenda 2000) are now being introduced.
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Over-production is endemic in certain EU member states, and the withdrawal system, although 
designed to cope with seasonal surpluses of perishable produce caused by weather variations, has 
become in some cases “an outlet in itself”, according to the European Commission (HCAC, 1995). 
The Ministry of Agriculture, Fisheries and Food (MAFF) confirmed this: “there is quite a lot of 
evidence to suggest that people around the community are producing just for intervention, but in 
doing so large surpluses are generated which wash around the Community market, come on to our 
market and undermine our own producers’ returns” (HCAC, 1995). Negligible use of the 
withdrawal mechanism is made by UK producers, but in the European Union as a whole 
expenditure on withdrawals in 1993 stood at an estimated 597 million ECUs. The main products 
subject to withdrawals have been apples, peaches and citrus finit and in 1993-94 980 million 
kilograms of apples were withdrawn: which was by far the largest quantity of aU finit and vegetable 
product categories. In 1993 40 per cent of apples intervened were Golden Delicious and British 
apples withdrawn accounted for only 2.5% of this total. In the 1989/90 crop year over 34 thousand 
tonnes of British apples were withdrawn fi*om the market and between 62 and 34,213 tonnes of 
British apples were withdrawn under this scheme between 1987 and 1998 (Figure 2.19, MAFF, 
1998).
The finit and vegetable regime also encompasses the apple orchard ‘grubbing-up’ scheme. 
Announcing the implementation of the second phase of the scheme in the UK on 5 September 1994, 
the Minister of State for Agriculture said that “Europe’s apple sector has been plagued by over 
supply during the last two years and this scheme is designed to reduce permanently areas of high 
and costly over-production in the Community” (HCAC, 1995). The scheme had closed in 
December 1992 and re-opened in 1994 with ‘more attractive rates of compensation’ for producers 
who grub-up orchards less than 20 years old and above a certain planting density in return for 
payments of up to 5,000 ecu/hectare, as long as an undertaking not to replant for 15 years was 
given. Uptake of the scheme, in percentage terms, was relatively higher in the UK than in those 
states which consistently over-produce and rely on the withdrawal mechanism (HCAC, 1995). On 3 
May 1995 it was announced that 271 applications for grubbing-up had been accepted in the UK, 
covering 2,432 hectares, which was the third highest in the EU behind Germany and Denmark 
(HCAC, 1995). This represented about 14 per cent of the UK commercial orchard area (Fresh 
Produce Journal, 1995).
2.5.2 Extra-EU Trade
Trade in fi*esh finit and vegetables with third countries is regulated in accordance with a reference 
price system which operates to protect EU producers fi"om cheap imports during the prime 
marketing periods of main products. Reference prices are established for certain periods of the year 
for all eligible produce, and for apples the system applies year-round. Under the Uruguay Round 
GATT Agreement in 1995, the tariff reduction fo r  apples, at 50 per cent, was greater than fo r  any 
other commodity. The House of Commons Agriculture Committee concluded that one of the main 
consequences of the GATT Agreement for UK and EU markets is likely to be increased volumes of 
finit and vegetable imports fi*om third countries (HCAC 1995).
2.5.3 Food From Britain
The UK Government’s response to the large food trade deficit has been to encourage more exports, 
rather than encourage import substitution and to stop imports of food which “could perfectly simply 
and effectively be grown here” (Lang and Hines, 1993). Indeed, UK apple producers have been 
encouraged to stop production by receiving the EU grant to ‘grub-up’ orchards. Concern is rising
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about the UK food trade gap, the rural economy and dependency on imports as experience shows 
that food security"*^  is not just an issue of balancing trade accounts (Lang and Hines, 1993).
Food From Britain (FFB) is an organisation that promotes British food and drink produce in Britain 
and abroad. In September 1993 the organisation was refocused to devote its resources to export 
promotion and associated activities, and the development of speciality value-added foods which 
were believed to have export potential (Paxton, 1994). This policy change was criticised by the 
House of Commons Agriculture Committee (1995) and the following recommendation made:
“Insofar as the fresh fruit and vegetables sector is concerned, with its clear need to increase import substitution 
and the relative insignificance of value-added products, the Government’s re-direction of FFB could hardy be 
more ill-advised. We recommend that the Government should urgently consider methods of assisting the 
horticultural industry to fill the lacunae which have been created by the re-direction of FFB’s role in terms of 
increasing levels of import substitution” (HCAC, 1995)
Neglecting the option of import substitution seems to be a policy which ties in with the EU desire 
for more speciafisation, creating a single market and of intervention if and when there is over­
production (HCAC, 1995; Paxton, 1994). As Paxton (1994) explains: “This is in keeping with the 
prevalent doctrine of fi*eemg-up and increasing trade world-wide, whereby it is assumed that aU 
countries and individuals will be made better off through each producing a limited number of 
goods.”
The transport-related environmental impacts associated with apple imports will be determined in the 
following chapter and the feasibility of Britain becoming self-sufficient in dessert apples will be 
discussed in Chapter 4.
PART 2(c) RETAILING and RETAIL DISTRIBUTION SYSTEMS
2.6 Introduction
In this section the transportation involved in the food sector will be considered in relation to the 
general trends in transportation which were discussed in Part (a) and the changes in the sourcing of 
fresh produce that have been discussed in section (b) of this chapter. The influence of retailers on 
the transport intensity of the FSC and on the marked shift in both personal travel and freight 
distribution to road will also be discussed. This section will also examine the rise to prominence of 
multiple retailers, and the decline of independent grocers and market traders; and the sourcing and 
distribution systems and shopping patterns associated with each of these marketing options as well 
as alternative local production and distribution systems such as finit and vegetable box schemes. 
The aim will be to discover any finks between the general trends in intemational transportation; 
freight transport within Britain; and levels of car usage (which were covered in section 2.2 and 
Appendix 2.1) and changes in the retailing sector which have occurred since 1960. Therefore, the 
intemational sourcing of food products, food distribution in Britain and food shopping trips by car 
will be discussed. Additionally, the changes in the levels of British finit and vegetable production 
and imports, particularly within the apple sector, which were discussed in Part 2(b), will be 
evaluated in relation to recent changes in food retailing.
Lang and Hines (1993) describe wars, trade wars and economic recessions as situations which have threatened in 
the past, and could threaten in the fiiture, food security when a large fraction of food supplies are imported. As 
discussed in Chapter 1 the FSC is at present also dependent on fossil fiiels for transportation and inputs into 
agricultural, packaging and processing systems. If supplies of crude oil are disrupted (or prices rise sharply) then it 
is not only imports that will be affected but also agricultural, packaging and food distribution systems within 
Britain.
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2.7 A brief history of retailing
In Britain the first supermarkets were founded by the Co-operative Society (originally an alliance of 
independent retailers established in the nineteenth century). Co-op societies were set up to provide 
cheap, fi*esh food at prices working-class people could afford, and until the 1960’s they did this 
very suceessfiilly.
Superstores originated in the US where they were introduced in the 1930’s. The first supermarkets 
- large stores which sold groceries, meat and fish, dairy produce and basic household goods - were 
set up between the wars by Michael Cullen who opened his King Kullen chain {Bright, 1995). 
France led the way in Europe, where their development dates back to 1963 and the first superstore 
in Britain opened in 1964 in Nottingham, and by 1970 there were fewer than a dozen (Whitelegg,
1994). The emergence of the multiple chains in Britain was assisted by the ending, in 1964, of 
Retail Price Maintenance (RPM), the system whereby goods had to be sold at a price dictated by 
the manufacturer, and the next decades saw the emergence of the modem supermarket chains as the 
dominant forces in food retailing (Raven, Lang and Dumonteil 1995). By 1979 there were over 
three hundred superstores in France and in Britain more than 200 by 1980 (Harris and Andrew, 
1979). Figure 2.20 demonstrates the rapid rate at which supermarket development has taken place, 
with the ‘consequent pressure put on planning authorities by requests for permission to proceed 
with such developments’ (Harris and Andrew, 1979).
“The ‘retail revolution’ has seen more than 750 superstores come and 10,000 small independent shops go in under 
twenty years... Since 1961 the number of independent grocers has shrunk from 147,000 to 39,000 in 1993. British 
food retailing now has the world’s tightest stranglehold over a national food industry, from seed to supper table” 
(Mük/, IP94).
The increasing levels of concentration in the food retail sector are shown in Figure 2.21 which also 
shows that the number of independent food shops in the UK has declined sharply. “Over 44,000 
shops, 31.2 per cent of the total, closed between 1976 and 1987 and by 1988, according to 
government statistics, 2 per cent of stores accounted for 52 per cent of all food retail sales; and the 
top 20 per cent accounted for 90 per cent of sales” (Raven, Lang and Dumonteil, 1995). An 
estimated £46 billion was spent on household food in 1993 (HFS, 1994). The tumover and pre-tax 
profits of the four largest multiple retailers are shown in Figures 2.22 and 2.23.
2.8 Marketing and the sourcing and distribution channels for fresh produce
The dependence of agricultural modernisation on improved transport systems was discussed in 
Chapter 1 and Part 2(b) of this chapter. However, the marketing and distribution of fi-esh produce 
are also closely connected, and this relationship has changed significantly over the last few decades 
(Marsden and Little, 1990; Whitelegg, 1994; Wrigley, 1992; and Wrigley and Lowe, 1996).
Mckinnon (1989) has described a shift, during the last few decades, away fi*om supply-oriented 
warehousing to a demand orientation in which the multiple retailers have more control over the 
number and composition of deliveries. ‘Own account’ warehousing at regional distribution centres 
has become the norm for the multiple retailers. In 1984, 93 per cent of Safeway’s tumover was 
channelled through its own warehouse; for Sainsbury the figure was 85 per cent. In 1991 this figure 
had risen to more than 90 per cent for all multiple retailers (Whitelegg, 1994).
Starkey (1995) separates the recent history of fi*esh produce distribution and that of apples in 
particular into two periods; up to the mid-1970’s and up to the late-1990’s.
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2.8.1 The marketing and distribution of fresh produce up to the mid-1970*s
Figure 2.24 shows the main distribution channel for apples up until the mid-1970’s. Almost all fresh 
produce passed through primary (traditional) wholesale markets which were located in most of the 
major cities throughout the UK. The function of the intermediaries in the distribution chain was to 
provide a link between retailers and producers, which helped to overcome two major problems, i.e. 
discrepancies in quantity and in assortment (Dibb et al., 1991). These ‘links’ became necessary 
because fresh produce had increasingly been sourced and distributed on a national and intemational 
level.
‘Early season varieties of British apples such as Discovery and Worcester were picked, graded, 
packed and sent to a wholesale market as soon as the fruit was ready during August and 
September. The main variety of dessert apples, Cox’s Orange Pippin, were marketed during 
September to April as is still the case. The decision when to market fruit was taken by growers 
without much reference to the wholesalers or their retailers and the wholesalers provided the vital 
link in the chain between either individual growers or co-operatives and retail outlets. At this time 
the few supermarkets that existed did not sell much fruit’ (Starkey, 1995) and importantly, from 
1952 to 1970 between 41% and 58% o f apples and between 61% and 69% o f all fresh produce 
was sourced in Britain.
2.8.2 The marketing and distribution of fresh produce between the mid-1970*s and the late-
rno^s
Since the 1970’s fresh fruit and vegetables, including apples, have increasingly been sold through 
supermarkets. In 1970 there were only 19 supermarkets in Britain and therefore their share of the 
fresh produce market was insignificant. However, by 1983 there were almost 350 supermarkets and 
the multiple retail outlets had 24 per cent of the fresh produce market; by 1991 there were over 730 
supermarkets and the market share of the multiples had doubled to 47.6 per cent (Figures 2.21 and 
2.25). The multiple retailers’ share of the market in fresh produce was about two-thirds in 1995 and 
is predicted to rise to 70 per cent by 2000 (Raven, Lang and Dumonteil, 1995). Over the same 
period Britain’s self-sufficiency in fresh produce (excluding potatoes) fe ll from 63%) to 47% and 
Britain’s self-sufficiency in apples fe ll even more sharply from 40% in 1975 to 18% in 1997.
The supermarkets’ interest in fresh finit and vegetables followed a squeeze on profit margins for 
other grocery items. Traditional greengrocers operated on a mark-up of 50 per cent on cost (33.3 
per cent gross profit) and this seemed to give an easy opportunity to increase store profitabihty 
(Starkey, 1995). Indeed, the supermarkets’ penetration of the fresh produce market has been highly 
profitable and fresh produce “makes one of the highest fully costed profits contribution per foot, 
because of high gross margins and stock tumover” according to a former retail analyst in the city 
(Raven, Lang and Dumonteil, 1995). Initial attempts by the supermarkets in the 1970’s to retail 
finit and vegetables were not successful because they ‘did not understand how to store and display 
the produce’: the result was unattractive displays and a high wastage levels (Starkey, 1995). 
However, during the 1980’s, the multiple retailers began to employ experienced speciahsts (often 
ex-greengrocers) in their stores and investments was made in refiigerated displays, storage and 
transport. Daily delivery of fresh produce from regional distribution centres is now the norm 
(Starkey, 1995).
Figure 2.25 shows that there has been a dual distribution channel for fresh produce since 1970, with 
most of the class 1 finit being taken by the supermarkets and class 2 fruit being distributed via the 
wholesale market system. The role of the wholesale markets was reduced during this period due to 
a shift to sales direct to the multiple retailers, reflecting the increased purchasing power of the
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multiples. By 1992 six of the multiple retailers accounted for 56% by value of the fresh produce 
market (Henderson, 1992).
The abihty of supermarkets to supply a wide range of products at stores located across Britain, 
rests on their being able to “secure large volumes of uniform produce to a predictable schedule” 
(Starkey, 1995). The adoption of just-in-time (JIT) distribution systems has enabled supermarkets 
to ensure supply through regular, finely-timed and -calibrated truck journeys. The real warehousing 
now occurs on motorways and has been termed ‘cool chain’, as the articulated lorries with their 
chilled and frozen products use the motorway network to meet the retailers’ rigorous deadlines 
{Vidal, 1994). This development relies upon computerised bar-coding and electronic point-of-sale 
(EPOS) systems which provide instant and accurate information of stock control.
EPOS systems have enabled production and supply to be precisely matched to the patterns of 
demand. All along the distribution chain, stock levels are reduced, yet a complete range of products 
must be made available to the consumer, who represents the next link in the chain. The customers 
of distribution services, that is the suppliers, wholesalers and retailers, do not wish to hold large 
quantities of stock. They prefer to have suppliers deliver small quantities of stock frequently (in the 
form of JIT deliveries which requires more individual freight transport journeys), and for orders to 
be processed and executed speedily, with complete reliability so that deliveries are made at an 
agreed time just when they are needed. This flexibility must take into account fluctuations in 
demand over time, including seasonal, weekly and daily peaks and troughs, which requires that 
changes can be made at short notice (Starkey, 1995). The resulting system, in which stock levels 
and sales are constantly monitored by the EPOS system and orders can be adjusted on an hourly 
basis, is extremely sophisticated. For growers supplying Tesco, for example, provisional quantities 
are ‘faxed through’ towards the end of the week for delivery the following week. Exact daily 
delivery requirements are only faxed through to growers the morning of the day before delivery to 
the distribution centre (Starkey, 1995).
Centralised distribution means that a few Regional Distribution Centres (RDC’s) now serve 
multiple retail outlets throughout the country. These large, purpose-built warehouses are 
strategically located for motorway access, with each having an operating depot for a fleet of 
delivery lorries: the dependence on road freight transport and an efficient motorway network is 
therefore evident. So too is the assumption that this service will be provided free of charge, and that 
fiiel prices will remain relatively stable and also that the external costs of transport will not be 
passed on to the user and hence increase the costs of distribution (Whitelegg, 1993).
The growth of Sainsbury’s can largely be attributed to their distribution strategy. During the 
1960’s, the company built a series of RDC’s to service its retail outlets in South-East England, a 
strategy that enabled the company to pioneer the concept o f ‘retailer consolidation’, giving it very 
tight control over the distribution chain which had previously been dominated by the manufacturers. 
Consolidation or Vertical Marketing Systems (VMS’s) are defined as a “marketing channel in 
which a single channel member co-ordinates or manages channel activities to achieve low cost 
distribution and control of the whole FSC ” (Starkey, 1995). In order to bulk-sell products to 
Sainsbury, the majority of suppliers are required to truck produce to the RDC’s where Sainsbury 
take over the entire logistics operation, normally using articulated lorries.
The proportion of goods passing through RDC’s (rather than being delivered directly to the store) 
for the three largest supermarket chains in Britain has increased from between half and three 
quarters by volume in the mid-1980, to 95 per cent for Sainsbury and Tesco and 97 per cent for 
Safeway in 1992 (CuUis, 1993).
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2.9 The impact of the changes in retailing distribution systems on the transport intensity of 
the Food Supply Chain
The cumulative distance that food products are transported, ‘Food miles’, has become a topical 
issue in relation to the growing awareness of transport-related environmental impacts"^ .^ Retailers 
can influence the magnitude of the transport-related environmental impacts of the food system by 
making decisions which affect the number of transport stages and the distance and mode of 
transport of each, and, therefore, the total distance between producer and consumer. There are 
three areas in which the changes in retailing, and the associated changes in distribution that are 
discussed above, affect the transport intensity of fresh fruit and vegetable distribution' '^ .^
1. The sourcing policy of retailers can influence whether products are imported, sourced in Britain 
or sourced locally.
2. The distribution system within Britain (for each of the three sources of produce in 1).
3. The location and size of individual retail outlets, which can influence shopping patterns.
These three issues are discussed in the following three sections.
2,9A The sourcing of fresh produce
The market share and the finances of the multiple retailers mean that they now have considerable 
purchasing power and are able not only to choose the suppliers and the source (i.e. British or 
imported) of their produce but also to specify product cultivation, packaging and labelling 
requirements (Dolan, Humphrey and Harris-Pascal, 1999). As supermarkets have fresh produce 
shelf space to fill all year round (and consumers have come to expect to be able to buy all foods in 
all seasons) the multiple retailers require a continuous supply of uniform produce so that all of their 
stores can offer year-round availability in each product which they market. These requirements have 
several imphcations:
i. multiple retailers require large quantities of each fresh product and insist on uniform, visually 
perfect finit and vegetables on their shelves. This encourages intensive production, specialisation 
in a small number of varieties and the use of pesticides during cultivation and post-harvest 
(Paxton, 1994; Raven, Lang and Dumonteil, 1995);
ii. retailers have overcome the limitations of seasonal availability'^  ^ of British commercial 
production by imports involving long-distance transportation; and
iii. the demand for regular deliveries of large quantities of fresh produce precludes local sourcing.
Monocultural production together with the multiple retailers accepting only blemish-free, perfectly- 
shaped produce leads to the increased usage of pesticides, herbicides and fimgicides. Produce which 
does not come up ‘to spec’ is rejected, leading to significant amounts of wastage, which may be up 
to 20 per cent for conventional and 50 per cent for organic products, with the cost being borne by 
the producer (Paxton, 1994).
The Food Miles Report by Angela Paxton of the SAFE Alliance was published in 1994. The report was discussed 
in several television programmes and newspaper articles including The Telegraph (Gwyther, 1996). At the BBC 
Good Food Awards in 1996 Angela Paxton received an award - Adult Awareness Campaign o f  the Year - for the 
Food Miles campaign.
The sourcing and distribution system of a retail outlet (1 and 2) also influences the quantity of primary, secondary 
and transport packaging. Additionally, if a food product is purchased rather than produced by the consumer the 
putrescible waste is more likely to be sent to landfill (Garnett, 1996).
Despite the fact that different varieties of UK-grown apples are available throughout the year in Britain (as 
discussed in Appendix 1.2), 80% of UK commercial apple production is represented by only 5 varieties. Thus, the 
availability of UK apples produced commercially is limited (Hoskins and Lobstein, 1999).
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The ability to guarantee a wide range of products rests on the ability to secure large volumes of 
produce to a predictable schedule. To achieve such a smooth uniformity of supply, the multiple 
retailers have secured effective control over the suppliers of foods. Not only are they in a position 
to dictate the prices paid to the producers; they can also dictate the terms and conditions under 
which produce is grown and dehvered (Raven, Lang and Dumonteil, 1994). Susan Shaw explains 
why supermarket buyers will not deal with suppliers under a given size:
“Large retailers require supplies from companies who can supply all their stores throughout the UK via a small 
number of dedicated retail distribution depots. This has disadvantaged small suppliers, who lack the experience or 
capacity to supply the volumes required. It also raises the barriers to entry by making it difficult for new firms to 
start with small volumes and to find new markets” (Raven, Lang and Dumonteil, 1995).
The requirements of the multiples are quality, quantity and the abihty to supply produce at short 
notice to a given specification. Small local growers and producers therefore have problems meeting 
these requirements and are not in a position to deal with the multiples. This is confirmed by Starkey 
(1995):
“Supermarkets now dominate the distribution channel in terms of requirements. They specify: exact finit size; type 
of pack, i.e. loose or prepack, bar-coding, sell-by-dates; hygiene standards; quality (class 1 only); precise delivery 
times to regional distribution centres (six days per week) by refiigerated transportation....This trend is killing off 
alternative forms of distributing fresh produce, including the wholesale markets. The logical conclusion of this 
trend is that producers may be forced into facing a monopolistic position with no alternative but to sell to 
supermarkets: indeed, vegetable growers are “concerned about having a viable alternative to the multiples”, 
according to the National Farmers’ Union” (Starkey, 1995).
The inability of the multiple retailers to deal with small local producers, even though the product 
may be available locally, is demonstrated by an example provided by Raven, Lang and Dumonteil 
(1995): “At a time of year when locally-grown asparagus was readily available in the Vale of 
Evesham the supermarket in Evesham sourced asparagus fi*om Spain, involving a truck journey of 
over 2,000 miles across Europe.” The multiple retailers have shown a preference to buy from large- 
scale growers (wherever they are located) who can ship and truck large quantities of finit and 
vegetables all year-round, leaving small farmers with few outlets for their goods (Paxton, 1994). 
Any restrictions on the availability of British produce are overcome by importing fresh finit and 
vegetables. The ability to supply fresh produce all year round ‘has been one of the supermarkets’ 
proudest claims -with very prominent and expensive advertising campaigns like Safeway’s extolling 
the virtues of transporting Kenyan green beans fresh from Mount Kilimanjaro in Tanzania by 
plane!’ (Raven, Lang and Dumonteil, 1995).
Global sourcing increases the transport intensity of food distribution systems and results in the 
transport-related energy consumption and pollution discussed earlier. The UK’s ten largest 
supermarket companies annually purchase goods from abroad worth more than the combined 
economic output of thirty of the world’s most poorest nations {Bowcott, 1997). Providing year- 
round availabihty of fresh produce means that in the winter months large quantities of produce are 
imported. For example, Tesco import between 30 and 40 per cent of their finit and vegetables from 
‘developing’ countries. Figure 2.26 shows the close correlation between the rate of increase in the 
number of superstores in the UK and increases in finit and vegetable imports. The relationship 
between the multiple retailers and imports of fresh finit and vegetables becomes more apparent 
when considering that the multiple retailers’ share of the fresh food sector increased from being 
negligible in 1970 to 24 per cent in 1983; by 1991 this had doubled to 47.6 per cent and is predicted 
to rise to 70 per cent by 2000 (Figure 2.25).
Imports also encroach upon markets traditionally supplied domestically:
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“The British fruit and vegetable market is particularly vulnerable to invasion because buying is concentrated (with 
a few multiple retailers) and import penetration can be rapid and on a large scale: Spanish shipments of iceberg 
lettuce to Britain are expected to rise this year to 79,000 tonnes. This compares to only 1,600 tonnes in 1985, 
causing British growers to dump large quantities of produce” (Raven, Lang and Dumonteil, 1995).
British apple producers have also suffered because of increasing imports, as discussed in part 2(b). 
By becoming the largest fresh produce buyers in the market, the multiple retailers have been able to 
set the standards, which by and large can only be met by overseas growers (Morgan and Richards,
1993). In the mid-1970’s France launched its now notorious campaign to persuade the British 
public to eat French-grown Golden Delicious which was in many ways the perfect modem 
commercial apple. Easy to grow and a heavy cropper, it was ideally suited to sale through 
supermarkets, which require a continuous supply of a uniform product. Golden Delicious can be 
picked and marketed by late September, or kept in store through the winter, and this variety still 
represents a third of all UK apple imports. It has also presented British growers with a formidable 
challenge which, once again, they were Hi-equipped to face with neither the climate nor the varieties 
grown suited to supermarket requirements (Morgan and Richards, 1993). Two in every three apples 
are now purchased in supermarkets and more than four out of every five apples consumed in Britain 
are now imported (Figure 2.16). The emergence of the multiple retailers, as shown in Figures 2.20 
and 2.21, and their requirements for year-round supplies of large quantities of fresh produce has, 
therefore, contributed to ever-increasing levels of fresh produce imports and the decline in the 
British horticultural sector as discussed in Part 2(b) (Figure 2.26).
As imports displace UK produce and represent an increasing percentage of the food products 
consumed in Britain the transport intensity of the fresh produce supply chain also increases. Cowell 
and Clift (1996) have assessed the environmental impacts associated with food imports and 
estimated that importing food and animal feed products to Britain in 1992 involved transportation 
amounting to over 83 thousand million tonne-kftometres, consuming 50 million giga joules of 
energy which required a billion litres of fiiel. This is equivalent to almost 0.8 per cent o f all energy 
consumed in Britain in this year. Imports of finit and vegetable products involved 17.7 billion 
tonne-kilometres which was 21% of the transportation associated with all food and animal feed 
imports in 1992.
‘Retailing is a sector o f the economy which has been identified as being likely to be significantly 
affected by the European Single Market (ESM). The main changes will be increases in the 
internationalisation of buying, manufacturing and retailing with the EC predicting a shift towards 
Europe-’wide operations, the emergence of clear brand leaders, wide geographic coverage and 
increasing dependence on the transport fimction, as has happened in the USA’ (Whitelegg, 1993). 
This will be achieved largely through ‘restructuring and consolidation’ which means fewer and 
larger farms, food manufacturing plants and distribution centres and larger trade flows. Extra-EU 
imports of food products to Britain are also expected to increase following the Uruguay Round 
GATT Agreement in 1995 when tariffs were reduced for extra-EU trade in many food commodity 
groups.
2,9.2 Retail distribution within Britain
In this section the relationship between the transport intensity of food distribution within Britain and 
the changes in food sourcing and retailing will be explored.
As a sector of the UK economy, food, drink and tobacco contributes 8.5 per cent to GDP, but 
accounted for over a third of the growth in road freight in the UK between 1978 and 1993, with a 
gradual increase, each year, in tonne-kilometres, which is predicted to continue growing. This 
sector was responsible for a larger increase in tonne-kilometres, between 1978 and 1993, than any
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other major commodity group (Paxton, 1994). Figure 2.27 shows that, while the amount of food 
being transported within the UK by road increased slightly between 1978 and 1993 from 290 
million tonnes to 300 million tonnes, the distance that this food  is being transported has increased 
by 50 per cent, from 24 biUion tonne-kilometres to 36 biUion tonne-kilometres (DoT, 1990 and
1995). This trend is similar to, but more pronounced than, that for freight transport in general, 
which was discussed in Appendix 2.1.
If the transportation of all commodities groups relating to the food system in 1993 (agricultural 
products and Hve animals, foodstuffs and animal fodder and fertiliser) is combined it constitutes
42.7 billion tonne-kilometres or 20 per cent of all commodity freight movement, and 31 per cent of 
all commodity movement by road, in 1993 (Figure 2.28). Additionally, other commodity groups 
supply inputs into stages of the food-production system, including metal products to farms and the 
packaging industry; chemicals to produce pesticides and plastics; petroleum products; and 
machinery. If  these factors are considered, the food production and distribution system could 
account for up to 40 per cent of all commodity movement.
One statistic which stands out in Figure 2.28 is that 99 per cent of all movements of foodstuffs is by 
road, compared to the average for all commodity groups of 63 per cent. Thus, not only does the 
production and distribution of food products constitute between 31 and 40 per cent of all road 
freight, but also a disproportionately large proportion of food is transported by road rather than by 
other, environmentally less damaging, modes. One reason for a large proportion of food products 
being transported by road is the multiple retailers’ reliance on road transportation which is reflected 
in the location of many RDC’s close to the motorway network.
The RCEP (1994) has attributed the increases in freight moved (tonne-kilometres) to increases in 
the distance of individual freight trips, with the average distance which freight is transported more 
than doubling between 1952 and 1993, from 37km to 84 km. In terms of food distribution one 
reason for the increased distances which foodstuffs are transported is the multiple retailers’ move to 
a more centralised distribution system and the introduction of Regional Distribution Centres 
(RDC’s). McKinnon and Woodbum (1993) have estimated that the average journey length between 
regional distribution centres and stores for multiple retailers is 144 km round trip.
In 1995 Sainsbury’s accounted for an annual freight movement of over 112 million kilometres and 
Safeway’s distribution systems involves over 72 milhon kilometres each year.
“Sainsbury’s directly own 196 Heavy Goods Vehicles (HGV’s) which travelled 22.1 million kilometres in 
1994/95. We have estimated that the distance travelled by contractors on our behalf in 1994/5 was 90.5 million 
kilometres. This amounts to 0.5 per cent of the total distance travelled by HGV’s in Britain in 1994. A total of 
40.72 million litres of fuel was consumed in 1995/6 resulting in 187,200 tonnes of carbon dioxide emissions” 
(Sainsbury, 1996).
It should be noted that this transportation is associated vsdth only one stage in the transport chain 
(i.e. the movement between RDC’s and the respective superstores) and does not include any of the 
upstream or the downstream transport stages (i.e. inputs into agricultural and food processing and 
packaging systems as well as the movement of food products from the farm to distribution centres); 
the transportation associated with imports by air, road or ship are not included; nor are any of the 
intermediary lorry trips between the farm and food processing and packaging plants; or the 
transportation associated with shopping trips and food and food packaging waste management.
Centralised distribution systems have resulted in long-distance transportation and cross-haulage. 
For example, of Safeway’s 12 RDC’s, its distribution centre in Leicestershire, speciahsing in dairy 
products, supplies all Safeway stores nation-wide. Fruit and vegetable distributor Geest imports
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bananas through Southampton, takes them by road to Lancashire for ripening, and sends them back 
by road to a warehouse in Somerset from where they are distributed all over Britain (Whitelegg,
1994).
A move to centrahsed distribution by the multiple retailers also “leads to considerable cross-haulage 
(which is a situation where a product passes its final destination several times as it makes its way 
through logistic chains), from manufacturer (or farm) to retail distribution centres to shops and to 
consumers. The environmental consequences of cross-haulage are compounded by retailer 
competition as all the large multiples run their own networks of distribution centres, delivering to 
their own supermarkets” (Whitelegg, 1994). Centralised distribution also produces anomalies which 
Whitelegg (1994) has termed ‘illogistics’ which are exemplified by situations in which foodstuffs 
are transported over unnecessarily large distances, for example, by selling Dorset milk in Scotland.
“The large economies of scale achieved by the multiple retailers due to the reduction in the number of warehouses 
has been at the expense of increasing transport costs - a rise in the number of kilometres travelled” (Whitelegg, 
1994a).
Figure 2.29 shows two examples of transport-intensive distribution carried out by the multiple 
retailers when there is an option of local sourcing. An example of the first situation (i) arises when 
the product is available locally, but because of centralised supermarket distribution systems, is 
transported to an RDC and then back again to a local store. The second situation (ii) arises when a 
product could be sourced locally but is not and is, for example, imported. This is one of the 
situations which is analysed in this study in the case of fresh apples and is also applicable in the 
asparagus example above and for many other food products: including a situation which was 
reported in the Daily Telegraph when “Sandwiches in a Boots store in Chippenham had travelled 
for four hours in a lorry from Essex” {Gwyther, 1996).
Independent (non-multiple) retailers tend to source a proportion of their goods, typically 
perishables such as fresh finit and vegetables, bread, milk and meat products, locally, thus 
minimising their reliance on road haulage (Raven, Lang and Dumonteil, 1995). The structure of the 
traditional wholesale distribution systems for fresh finit and vegetables which supply greengrocers, 
small independent retailers and market traders has not changed in recent decades; but the quantity 
of fresh produce passing through wholesale markets and independent retail outlets has declined 
sharply as shown in Figures 2.24 and 2.25.
The large supermarket chains, by contrast, have developed highly centralised distribution systems 
over the last thirty years (as discussed earlier), with a few Regional Distribution Centres (RDC’s) 
serving their stores nationally which also results in increased ‘upstream’ transport requirements 
imposed on all suppliers dehvering to only a few RDC’s and sometimes only one. Figure 2.30
shows a close correlation between the increase in the number of supermarkets in Britain and the
rate of increase in the distance which food products were transported between 1980 and 1993, a 
period in which multiple retailers’ share of the grocery market increased significantly, as discussed 
earlie/^.
As well as analysing and comparing the environmental impacts associated with all o f the options for 
the sourcing and distribution of food, including the systems developed by the multiple retailers, in 
this analysis (in the next three chapters) the foliovdng questions vM  be asked.
1. Is it feasible for the multiple retailers to source fresh produce locally ?
Compare the plot in Figure 2.30 (which is for distribution in Britain) to that of imports of fresh produce in Figure 
2.26.
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2. Considering the extensive range of fresh finit and vegetables which the multiples offer all year- 
round and the quantities of fresh produce required by each store and the dependence (at present) 
on imports and sourcing from large-scale horticultural producers, what percentage of the fresh 
produce marketed by the supermarkets can be sourced locally ?
3. If the multiple retailers do source some produce locally, while continuing with their present 
distribution system (including imports and centralised distribution within Britain via a few 
RDC’s), will this result in a significant reduction in the existing environmental impacts associated 
with fresh produce sourcing and distribution ?
2.9,3 Shopping patterns
“In absolute terms the largest increase in travel since 1952 has been by car. This increase has been associated 
first, with changes in activity and second, with changes in land use patterns. When people acquire cars they begin 
making trips which were previously inconvenient or impossible. They tend to use them for all possible journeys, 
and they make use of the opportunities afforded to travel at times of the day not served by public transport, or too 
far to reach on foot or by cycle. Over time, as more people acquire cars, the land use pattern responds to their 
‘needs’. The retail and commercial service sectors, sensitive to the wishes of their more aflluent customers, choose 
sites that are easier to reach by car. The older built environments, whose scale cannot accommodate mass car 
ownership, decline. Prosperity moves to the suburbs” (Adams, 1992),
Up until the 1960’s shopping was an activity that was carried out, largely, on foot, by bicycle or by 
bus and the majority of shopping trips were under a mile (DoT, 1976). Many grocery items were 
delivered to the home of the consumer by the independent retailer in a van or by bicycle. In the last 
three decades, however, the way in which food products are transported to the home has changed 
dramatically. There are three aspects of the changes which have occurred in the retailing sector over 
the last few decades which have influenced shopping patterns:
i. the location of each retail outlet and the accessibility by modes of transport other than the car;
ii. the size of individual retail outlets and the effect of this on changes in the number of shopping 
trips per week and the feasibility of carrying out weekly shopping trips in one trip without a car;
iii. following the reduction in the number of specialist high street retailers (i.e. greengrocers, bakers, 
butchers, fishmongers etc.) across Britain, the alternatives to shopping at a multiple retail outlet 
(and in certain cases e.g. out-of-town stores the practicality of carrying out shopping trips 
without a car).
Potter (1995) has shown that between 1972 and 1993 the total number of journeys over one mile 
undertaken by all modes, including walking and cycling, increased by only 11 per cent whilst the 
distance travelled per person per year increased by 45 per cent (Figure 2.31), and has concluded 
that: “the huge growth in personal travel has been fuelled not by us travelling more, but simply 
travelling further.” Average journey lengths increased gradually between 1972 and 1993, and during 
this period cars were the only mode of travel in which there was a net increase in the number of 
journeys per person per year (Figure 2.32).
The sharp rise in car use over the last few decades, discussed in Appendix 2.1, is therefore 
associated not only with drops in bus trips, but also with a drop in walking and cycling (Figure 
2.32). “We are tending to substitute short trips, undertaken mainly on foot, by longer trips in a car, 
or even using the car for journeys of a few hundred yards” (Potter, 1995). The same is true for 
cycling with journeys made by bicycle falling to 2 per cent of journeys under five miles in 1995 
compared with 4 per cent twenty years ago (DoT, 1995).
In terms of personal journeys and the length of these journeys. Figure 2.33 reveals that between 
1978/79 and 1991/92, the greatest net change has been an increase in journeys of between five and 
twenty five miles and a decrease in those trips of less than two miles. Potter (1995) associates this
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with land use changes, such as more out-of-town shopping and people living fiirther away from the 
workplace, which combine to increase the length of journeys that people make. The total number of 
journeys, over the same period, actually dropped by 4 per cent. One important consequence of the 
shift from short to medium length trips is that journeys that were previously very local have shifted 
onto trunk roads and motorways, leading to massive additional pressures upon the trunk and 
motorway systems. At the same time walking is in decline and the average distance walked in the 
past 20 years has fallen by 20 per cent - more than 16 per cent of the fall happening over the past 
three years (Potter 1995) - with people preferring to drive to shops rather than walk according to a 
report by the Pedestrian Policy Group {Johnson, 1996).
Of all journeys undertaken, the fraction which were for shopping remained at 19% in the years 
1985/86 and 1991/93, however; there have been changes in both the mode of transport for 
shopping trips and the average distance of each shopping trip (DoT, 1976, 1987, 1995). Of all 
shopping trips in 1985/86 (only those over one mile are listed in Department of Transport 
statistics), 65.6 % were by car and of the total shopping distance 73.7% was by car (Figure 2.34). 
Shopping trips undertaken by bus accounted for 18% of the total. Cycling and walking combined 
accounted for only 12.5 % of all shopping journeys over a mile. By 1991/93, of all shopping trips, 
73% were by car and 81.5% of the total distance of all shopping trips was by car (Figure 2.34). 
Cycling and walking decreased to 9.4% and shopping by bus also declined to 15% of aU shopping 
journeys over a mile. The average distance of shopping trips, by all modes of travel, over the same 
period increased slightly from 4.61 miles to 5.16 miles and car shopping journeys increased from 
5.18 miles to 5.76 miles.
Whitelegg (1994) has observed a gradual increase in the distance travelled for shopping between 
1975 and 1989. Over this period there was a 40 per cent increase in the average length of shopping 
journeys from 3.5 miles per trip in 1975 to 4.9 miles in 1989. The distance travelled through 
shopping by public transport or on foot between 1975 and 1991 gradually declined, while the 
distance of car-based shopping more than doubled. Over four-fifths o f  the total mileage fo r  
shopping is now by car. These points emphasise the link between the emergence of large 
superstores (often located where access by modes other than the car is difficult, providing free 
parking and having large catchment areas), the increasing market share of the multiple retailers, and 
changes in the distance and frequency of shopping trips by car. Due to the location of superstores, 
and the difficulty/reluctance of consumers to shop on foot, bike or using public transport, there has 
been a proportional decline in the number of shopping trips by these modes. Figure 2.35 shows the 
close relationship between the increase in the market share of the multiple retailers in Britain and 
the increase in the distance of shopping trips by car between 1970 and 1995.
The size and the number of products stocked in individual retail outlets has gradually increased. For 
example, the largest Tesco store was 72,000 square feet in 1994 {Buckley and Moulder, 1994). As 
retail outlets become larger in size, inevitably they also become fewer in number, journeys to them 
become longer and more shopping trips are made by car than on foot (Plowden and Hillman, 1995).
“Between 1975 and 1991 the average annual number of shopping trips grew by 28 per cent and the total distance 
travelled for shopping by 60 per cent. In the 1980’s, people spent on average 70 minutes a day shopping, compared 
to 41 minutes in the 1960’s” (Raven, Lang and Dumonteil, 1995).
This “increase in shopping time reflects the growth in the size of supermarkets... the larger the 
supermarket, the more walking for the shopper, and the greater the average distance from the 
shopper’s home” (Gershuny, 1989). In the last 30 years the process of shopping has changed from 
being an activity carried out on foot several times a week (or through home dehvery by van or 
bicycle) at several different specialist shops (such as butchers, bakers, delicatessens, greengrocers 
etc.) to a situation in which all food products can be purchased at one store, which is often not
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within walking distance or does not provide a home delivery service. However, the introduction of 
bulk shopping does not mean that the number of shopping trips by car or the total annual distance 
of shopping travel is reduced. The average number of shopping trips per week by car increased to 
over 2 for the first time in 1991/93.
Raven, Lang and Dumonteil (1995) argue that the development policies of the multiple retailers are 
specifically designed to encourage car usage, and quote the chairman of Sainsbury Pic. in defence of 
their argument - “new sites are located where safe and convenient access is obtainable by 
car...today, we would not open a store which did not have a large surface level car park”. The aim 
of the superstores to attract car-home customers was identified in 1979 by Harris and Andrew 
(1979): “since most city-centres suffer to a greater or lesser extent fi*om congestion, particularly 
during the peak hours, this makes access to town and city centre shops more difficult. Also, since 
city-centre land prices militate against the provision of vast numbers of parking spaces. The 
superstore concept is synonymous with ‘out-of-town’ development” (Harris and Andrew, 1979). 
Supermarket developments are often located on the edge of the Green Belt surrounding a city 
which means that not only the major part of the city falls within the 20-minute catchment, but also a 
large rural hinterland where shopping opportunities are more limited than in the highly-developed 
urban areas and where car ownership is high (Harris and Andrew, 1979; Raven, Lang and 
Dumonteil, 1995). The ‘20-minute catchment area’ is a well established technique used by the 
planners employed by the multiple retailers to determine which sites vfill be most profitable:
“They take a map of the area and draw a 20-minute ‘isochrone’ around the site. Within this area, people can drive 
to the supermarket within 20 minutes. The more fast roads there are in the locality, the larger the area will be 
inside the isochrone - and the farther people will have to drive. The planners calculate that people will drive up to 
35 kilometres, and back, just to go shopping” (Hamer, 1993).
In 1988, 65 per cent of new superstores opened were edge- or out-of-town, with only 10 per cent 
in town centres and in the year to the spring of 1992, 72 per cent of Sainsbury’s sales were fi'om 
edge- or out-of-town sites; for Safeway the figure was 84 per cent, and for Tesco 87 per cent 
(Raven, Lang and Dumonteil, 1995). In 1991, Sainsbury, Tesco and the Argyll group had 8 per 
cent of total High Street sales, but 71 per cent of out-of-town sales (Raven, Lang and Dumonteil,
1995).
The movement of food retailing fi*om being predominantly town-centre based to edge- and out-of- 
town sites since 1980, together v^th a superstore having a catchment area of up to 35 kilometres, 
has contributed to the marked increase in journeys of between 5 and 25 miles by car which were 
outlined above. There has been a corresponding decrease in journeys under 2 miles, many of which 
were undertaken on foot to local retail outlets. As the total number of journeys, and those for 
shopping, per person per year have only increased slightly in recent decades, it is increases in the 
number and length of car journeys, for which the multiple retailers are at least in part responsible, 
that have contributed to the increases in car travel which are covered in Appendix 2.1.
For most people there is now a superstore within driving distance and over two-thirds of the 
population now take advantage of the prospect of carrying out a weeks’ shopping at a superstore in 
one trip by car. A Department of the Environment study which has looked at the modal split of 
shopping trips at a number of superstores in a particular region showed that in the case of 
supermarkets based in town centres, car based shopping was considerably lower than at 
supermarkets situated at out-of-town sites. In this study the percentage of customers travelling to 
superstores by car ranged fi-om 46 to 82 per cent and the average car modal split value was 65 per 
cent (DoE, 1993). Of 236 shoppers interviewed in another survey by the Council for the Protection 
of Rural England (CPRE, 1992) at an Asda superstore near High Wycombe, only four did not come
47
by car (three on foot and 1 by bus) and three quarters of customers had visited the store not more 
than a week before (Martin, 1993).
Raven, Lang and Dumonteil (1995) provide further examples: Tn inner-London, 60 per cent of 
trips to a Sainsbury superstore were by car, while in a nearby High Street only 8 per cent of 
shoppers from a similar catchment area travelled by car and nearly 80 per cent on foot or by public 
transport’. A comparison of supermarket sites in London showed that of the journeys to a free­
standing outer-London site 95 per cent were by car and 3 per cent on foot; while journeys to an 
inner-London site were 33 per cent by car and 50 per cent on foot. Another study in Newcastle- 
upon-Tyne showed that 27 per cent of town centre shoppers had travelled by car, while at the out- 
of-town Metro Centre the figure was almost 80 per cent (Raven, Lang and Dumonteil, 1995). The 
Automobile Association claim that in a survey they found that 87 per cent of car-owning 
households used the car at least once a week for shopping in 1994 (HCEC, 1994). However, there 
is a significant proportion of the population without access to a car with the present level of car 
ownership being about 350 cars per 1000 and the 1991 Census revealed that 24 per cent of people 
do not have use of a car at all (HCEC, 1994).
Whitelegg (1994) has shown that the total distance travelled by consumers to edge-of-town 
supermarkets is over twice that travelled to town-centre stores and has also determined that the 
external environmental and social costs of a store in a neighbourhood area, a suburban area and an 
edge-of-town site were 42 per cent, 54 per cent and 128 per cent, respectively, greater than a store 
in a town centre. The factors which were considered included air pollution, carbon dioxide 
emissions, noise and aceidents (Figure 2.36).
In Figure 2.37 I have estimated the environmental impact of shopping trips by car to supermarkets 
and other grocery outlets in 1992. In this year shopping by car consumed 54-72 million gigajoules 
(GJ) of energy and resulted in 2,499-3,315 thousand tonnes of carbon dioxide emissions. The 
results show that an average shopping trip consumes 34 MJ of energy and produces 1.57 kilograms 
of carbon dioxide.
PART 2(d) TRANSPORT AND SUSTAINABLE DEVELOPMENT
2.10 Transport Policy
The following comments highlight some of the problems within the transport sector in recent 
decades.
“The role of government in providing the ‘infrastructure’ for changed consumer behaviour is most obvious in the 
field of transport. The demand for petrol displays such low elasticity because there are so few alternatives 
available to car and lorry use, which for many people have become necessities, as residential patterns have 
become more dispersed, shops have shifted to out-of-town centres and public transport facilities have declined. 
Lorries take up an increasingly large proportion of total ‘freight tonne kilometres’ travelled because rail or water 
alternatives are simply not available - while average distances travelled per journey have become longer” (Jacobs
1993).
“We are not going to do away with the great car economy” (Margaret Thatcher, quoted in Fairlie, 1994).
“Most governments regard the general desire for car ownership as irresistible” (Adams, 1992).
“Transport is one sector of the UK economy in which almost everything has gone wrong. Previous transport policy 
has resulted in too much pollution, too much congestion, too much investment in ‘profitable’ roads, too little 
investment in public transport and planning decisions being taken on the basis of misleading price signals” 
(Pearce, 1993).
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In its First Report in 1971, the Royal Commission on Environmental Pollution drew attention to the 
possible deterioration in air quality as a result of the forecast doubling in the number of motor 
vehicles by 1995 (RCEP, 1971). It also identified transport as ‘the main menace’ among sources of 
noise and discussed the effects of emissions of carbon dioxide and other substances on the global 
atmosphere (RCEP, 1994). The Commission warned that it would be ‘dangerously complacent’ to 
ignore the potential implications of the increasing number of motor vehicles and commercial flights 
(RCEP, 1994).
More than a quarter of a century after their First Report the number of motor vehicles has doubled 
and the problems concerning air quality, noise and greenhouse gas emissions have intensified, as 
discussed above. In October 1994 the Royal Commission on Environmental Pollution published 
their Eighteenth Report, which again looked at transport and described the problems in some detail. 
This report analysed the environmental, social and economic impacts of road transportation and 
included proposals to reduce these impacts. The RCEP stated that: “the risk of complacency which 
the Commission identified has now been displaced by a deep and widespread concern about the 
prospect of further large increases in road traffic. Road construction and pollution fi-om vehicles 
have become controversial issues, not only in densely populated urban areas, but in all parts of the 
country. The unrelenting growth of transport has become possibly the greatest environmental threat 
facing the UK, and one of the greatest obstacles to achieving sustainable development” (RCEP,
1994).
“The present situation and the current trends are the result, not only of individual choices, but of policies pursued 
by successive governments. There is now widespread recognition of the need to analyse the environmental 
implications of government policies and adopt policies which give more weight to protecting the environment. The 
consequences of public expenditure on road transport levels have been much discussed, and environmental 
assessments are now carried out routinely for particular schemes, but there has been no procedure for assessing 
the combined effects of the individual road schemes making up a major new route or for analysing systematically 
the overall impact of the national road programme” (RCEP, 1994).
The internal costs of both car use and road freight transport decreased in the decades up to 1993 
(see Appendix 2.4). This is one factor, together with public investment to maintain and expand the 
road and motorway network (Appendix 2.1), changes in land use and the move to centralised and 
just-in-time distribution (which are discussed in section 2.9), that have influenced the expansion in 
road transport. As road transport levels have grown the external costs associated with air pollution, 
climate change, noise and accidents have also increased (Appendix 2.5). Appendix 2.6 discusses the 
transport policies, including the policy of predict and provide, which have enabled car and road 
freight to reach present levels and resulted in high levels of resource use, accidents and deaths and 
pollution.
In 1994 three reports were published, which were seen by many to mark a turning point for 
transport policy (Joseph, 1995). Reports by the Royal Commission on Environmental Pollution 
(RCEP, 1994), the Standing Advisory Committee on Trunk Road Assessment (SACTRA, 1994) 
and Policy Planning Guidance 13 (DoE/DoT, 1994) analysed transport from different perspectives 
but aU came to similar conclusions: that present trends cannot and should not continue; that 
transport policy should be integrated into all levels of government and with land use policy; and that 
road transport demand should be reduced by improving access rather than mobility by moving from 
a ‘supply-led’ (i.e. a predict-and-provide policy) to a ‘demand management’ approach to road 
transport policy.
The Royal Commission on Environmental Pollution (1994) considered the following options when 
looking at future policies for surface transport:
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i. letting congestion find its own level;
ii. predict and provide;
iii. selling road space;
iv. relying on technology;
V. modal shifts; and
vi. greening the way we live: local production and distribution systems.
These strategies and those presented in the Transport White Paper (DETR, 1998) are discussed in 
Appendix 2.7. When considering the problems of road transport, there is a clear distinction between 
the policy of predict and provide; modal shifts and ‘technical’ solutions; and those solutions which 
tackle the problem more ftindamentally (Whitelegg, 1993). Better traffic management, 
computerised route guidance, and cleaner and more efficient engines offer the prospect of reducing 
the environmental impact of a given volume of traffic, but all would be quickly overtaken by traffic 
growth, given the expected doubling of traffic volumes over the next twenty years (Adams, 1992).
Similarly, a modal shift to more environmentally benign modes of personal and fi*eight transport 
would reduce the environmental impacts associated with existing transport patterns, including food 
sourcing and distribution systems and shopping patterns at present, when this shift is feasible (i.e. a 
shift in fi-eight distribution fi-om road to rail and from car travel to bus and bicycle use). This type of 
modal shift would reduce the total energy consumed by transportation but if the distances and the 
number of journeys involved are not reduced, then a minimum environmental impact will be 
reached because even though trains and buses are more environmentally benign than road 
transportation, these modes are also dependent on fossil fuels'^ .^
In Appendix 2.7 conventional transport policy and technical solutions are reviewed as well as the 
policies which involve a modal shift; increases in the costs of road transport; changes to land use 
patterns; and alternative sourcing, distribution and marketing systems, which could reduce transport 
demand.
2.10.1 Transport and sustainable development
In Chapter 1 and Appendix 1.4 the concept of sustainable development was introduced. Research 
objective 10 is aimed at providing a clear definition of, and a tool which can measure, 
‘sustainability’ This objective has been articulated in part because the British and many other 
governments have made commitments to ‘sustainable development’, but do not provide: a clear 
operational definition of this concept; a list of objectives by which sustainable development can be 
measured; or a consensus on what is to be measured and the tools that should be applied in order to 
achieve ‘sustainable development’ goals. For example. The House of Commons Environment 
Committee has stated that:
‘policies for sustainable development are being made in the absence of any knowledge about how sustainability is 
quantified’ (HCEC, 1994).
In a similar way, Redclift (1996) has observed that environmental analyses are only useful when the 
analysis and comparisons are related to clear objectives'^^:
See Figures 2.2,2.3 and 2.4.
Research objective 10: to provide a framework for the identification of sustainable systems of production and 
distribution through the application of a comprehensive analysis technique to measure and compare all o f the 
possible ways o f meeting a particular human need (nutrition in this case) on the basis of clear environmental 
objectives.
Ihe  goals, principles and definition (which includes a clear environmental objective) of strong sustainable 
development, which are applied in this analysis, are described in Appendix 1.4. It is important to define 
sustainability and the environmental objectives because these criteria influence the methodology of the analysis
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‘Natural resource accounting, environmental auditing, life cycle analysis and other similar techniques are just that, 
techniques. They are not measures to help us reach societal objectives, but management tools, which might assist 
in achieving such objectives once they have been defined. (There is an) absence of clearly defined environmental 
objectives, and a clear vision of sustainable development’ (Redclifl;, 1996).
Beckerman (1995) has also called for clarification and an operational definition because:
“..many questions arise immediately we ask what exactly ‘sustainable development’ means As many writers
have pointed out, there is a danger that sustainable development is treated as a ‘motherhood and apple pie’ 
objective. But, as Brooks puts it: ‘For the concept of sustainability in the process of development to be 
operationally useful it must be more than just an expression of social values or political preferences disguised in 
scientific language. Ideally it should be defined so that one could specify a set of measurable criteria that 
individuals and groups with widely differing values, political preferences, or assumptions about human nature 
could agree whether the criteria are being met in a concrete development program” (Beckerman, 1995).
In many government publications relating to retail, transport and agricultural systems the aim is said 
to be sustainable development but no operational definition of sustainable development is provided 
or explanation of how sustainable development is to be measured. In relation to transport, the 
Transport White Paper of 1998 does not explain how sustainable transport is defined or how the 
sustainability of transport systems is to be quantified. The White Paper states that:
“A modem transport system is vital to our country’s future. We need a transport system which supports our 
policies for more jobs and a strong economy, which helps increase prosperity and tackles social exclusion. We 
also need a transport system which doesn’t damage our health and provides a better quality of life now - for 
everyone - without passing on to fiiture generations a poorer world. This is what we mean by sustainable 
development” (DETR, 1998).
This is the most detailed definition of sustainable development within the Transport White Paper 
which then goes on to propose that ‘sustainable transport’ will be achieved through a modal shift 
away fi-om the most environmentally damaging forms of transport and a reduction in the growth of 
road transport levels. It is clear that the DETR aims to reduce the environmental burdens associated 
with transport systems (and the projected increases in the environmental impacts of these systems). 
However, the objectives in the AVhite Paper will at best reduce transport-related environmental 
impacts and the resulting systems cannot be described as being ‘sustainable’. There are several 
reasons for this:
• road, rail and water transport are dependent on the direct and indirect consumption of finite 
resources, including derivatives of fossil fuel and aggregates, and the RCEP (1994) have stated 
that road transport will be dependent on derivatives of crude oil as a fuel until at least 2020;
• the emissions of pollutants which contribute to global warming and adverse human health 
impacts resulting from the use of these fossil fuels;
• the use of agricultural and protected land (SSSI’s and AONB) for transport infrastructure and 
mining aggregates.
Whitelegg (1995) recognises the social and environmental advantages of a modal shift to rail freight 
but has pointed out that “such transfers would not, however, solve the fiindamental problem of
technique, including the system boundary and the data which are collected. For example, in this thesis 
sustainability is defined in relation to a basic need and requires that all options for meeting this need are 
considered in the analysis. Based on this definition, means/end analysis was developed in order to satisfy these 
requirements.
One component of a ‘vision’ of a sustainable society, involving ‘circular’ systems for food production, distribution 
and waste management, is described in Appendix 1.1.
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distance-intensive production and distribution systems”. Whitelegg (1995) refers to the modal 
transfer from road to rail as “weak” sustainability, as there are environmental gains, while this 
policy does not challenge “the fimdamental processes driving up the demand for freight transport”. 
‘Strong’ sustainable development therefore requires a more fimdamental change:
“ ‘Strong’ sustainability will be aimed at the growth process itself and through structural change, spatial 
readjustments, ecological taxation, strengthening of local economies and some modal transfer will reduce the level 
of demand for freight transport while protecting and enhancing social and environmental objectives” (Whitelegg, 
1995).
UK Round Table on Sustainable Development (1996) provides the following definition of 
sustainable transport:
“The overall aim of a sustainable transport strategy should be to answer, as far as possible, how society intends to 
provide the means and opportunity to meet economic, environmental and social needs efficiently and equitably, 
while minimising avoidable or unnecessary adverse impacts and their associated costs... To provide access to 
goods, resources and services, while reducing the need to travel.”
John Roberts adds:
“The level of debate surrounding changed land use arrangements or trip ‘degeneration’ is minimal...The 
consumption of distance by freight and passengers should be minimised as far as possible whilst maximising the 
potential for locally based social interaction and locally based economic activity. This is the point where transport 
is seen as a means to an end ( serving the criterion of access) rather than an end in itself (which leads to mobility 
and all its related problems) ” (Roberts, 1992).
The Royal Commission on Environmental Pollution have stated that:
“The aim of future planning policies must be to reduce the need for movement. This will involve a gradual shift 
away from lifestyles which depend on high mobility and the intensive use of cars. These changes in direction 
provide the essential foundation for a sustainable transport policy, and will make it possible for the economy to 
develop in ways which are compatible with preservation of the environment” (RCEP, 1994).
There are several common themes in these three definitions and comments and in the discussion 
above.
i. The need for a fundamental reduction in the demand for road freight and personal car travel.
ii. To meet people’s ‘needs’ by increasing accessibility rather than through transport provision.
iii. To strengthen local economies and to meet the needs of the local population through local 
economic activity.
There seems, therefore, to be a consensus which matches the hypotheses^ ^ o f this thesis in that 
strong sustainable development will be achieved through ‘localisation’ and by minimising the 
demand for road transport. Also, that the changes required in production and distribution systems 
required to achieve the goals of sustainable development are likely to be more fundamental than 
modal transfers and efficiency gains through the application of technology (Whitelegg, 1993, 1995). 
It has been widely accepted that existing transport patterns and systems are inherently 
‘unsustainable’ (Royal Commission on Environmental Pollution, 1994; UK Round Table on 
Sustainable Development, 1996; Whitelegg, 1993, 1995). However, there are two distinct 
approaches to transport policy. The aims of these two approaches are:
• to reduce the environmental impacts of transport systems, primarily through a modal shift;
See section 1.7.
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• to minimise the environmental impacts of transport systems by minimising the demand for 
transport.
It is the first approach v^hich has been proposed in the Transport White Paper (DETR, 1998) and in 
this dissertation the second approach is the basis of the two hypotheses (see section 1.7)
If transport systems remain dependent on the direct and indirect consumption of finite fossil 
resources and continue to produce large quantities of solid waste and air emissions, as described in 
earlier sections, then transportation can never be described as being sustainable because of the 
associated thermodynamic throughput. The following questions therefore arise:
I. should future transport policies accept the present levels of personal mobility and fi*eight 
transport in the present transport system and (unlike the policy of ‘predict and provide’) attempt 
to reduce the environmental impact by a modal shift away fi-om road transport and apply 
technical developments such as improving fuel efficiency and introducing catalytic converters;
or
II. should transport policy analyse the present transport system and determine the fimdamental 
reasons for the transport intensity of economic activity and aim to minimise the demand for road 
transportation by, amongst other approaches, promoting the systems of production, distribution 
and waste management which have minimum environmental impact when meeting the same 
human ‘need’ (as outlined in the hypotheses in section 1.7 of Chapter 1 and the discussion in 
section 6 of Appendix 2.7).
In the first case the goal is to make the present transport system ‘more’ environmentally sustainable 
(or less environmentally damaging) by reducing energy consumption and the thermodynamic 
throughput. In the second approach the aim is to minimise the thermodynamic throughput within 
systems of production and distribution and the transport sector as a whole. This distinction is 
important when considering transport, planning and economic policy. The first approach is not 
primarily intended to reduce the transport intensity of the economy i.e. a reduction in the number 
of, and distances involved in personal and fi-eight journeys. The second approach is fundamentally 
different in that aU avoidable transportation is highlighted. The aim is to reduce the demand for all 
forms of motorised transport by identifying the most sustainable option^^ and therefore to minimise 
the thermodynamic throughput. This may mean developing alternative production, distribution and 
waste management systems. In terms of the six approaches listed above and discussed in Appendix 
2.7, relying on technology and a modal shifi equate to the first approach (I) whereas the hypotheses 
of this thesis imply a more fimdamental change (II) in which transport demand is minimised by 
developing local production and distribution systems. These issues will be discussed in relation to 
the empirical results of this analysis in Chapter 4.
The other issue that is investigated in this analysis is the feasibility of implementing the strategies 
which have been proposed by the RCEP (1994) and DETR (1998). For example, one of the main 
recommendations in both of these reports is a modal shifi in fi-eight distribution fi-om road to rail, 
coastal shipping and inland waterways. In relation to the food sector it has already been pointed out, 
in part 2(c) of this chapter, that the distribution centres and the stores of the multiple retailers have 
been located in positions which have access to the road and motorway network. The possibility of 
shifting all supermarket fi-eight from road to rail may, therefore, be limited. If this modal shifi is to be
Appendix 2.7 considers six strategies for transport policy. Option 6 in this Appendix, which aims to reduce 
transport demand through a process of localisation, is a strategy which is not recommended by either the RCEP 
(1994) or the DETR (1998). This is the option which forms the basis of the hypotheses in this thesis.
This is achieved by applying means/end analysis as outlined in section 2.11.1 and Chapter 3.
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achieved then either distribution centres and stores will have to be relocated or rail links will have to 
been extended (depending on the location of distribution centres and stores and rail links at present) '^*.
These issues highlight the problems inherent in attempting to implement ‘general’ proposals, based on 
reports and analyses which look at the transport sector as a whole, without considering the obstacles 
in certain sectors. To avoid this situation in this analysis, aU possible transport lifecycles associated 
with the delivery of a particular product to the consumer are modelled. This approach could highlight 
opportunities which are overlooked when the transport sector as a whole is analysed^^ as well as 
identifying any obstacles to the measures which are recommended in these reports.
These issues also apply to any proposals for a reduction in transport demand, by reducing the number 
of transport stages in the lifecycle of a product (as weU as the proposal for a modal shift). For 
example, when attempting to reduce levels of (or avoid) mtemational transport^^, the number of 
freight distribution segments v^thin Britain and shopping by car. Again, many of the predominant 
marketing systems at present, including the multiple retailers, are dependent on these three transport 
areas^ .^
In summary, therefore, when analysing transport systems two approaches can be followed: to analyse 
the transport sector as a whole; or to model all possible transport lifecycles for a particular product. 
In the case of the latter the analysis could provide the following insights:
i. whether the recommendations for a modal shift are feasible and if so the environmental benefits 
involved (in a situation in which the number of transport stages remains constant);
ii. whether the predominant marketing systems can operate if transport demand is reduced (i.e. by 
avoiding the transportation associated vdth imports and/or shopping by car);
iii. to highlight the product lifecycles in which transportation (and the associated environmental 
impacts) is minimised and, therefore, to provide an alternative to a modal shift.
These issues will be discussed in relation to the empirical data in Chapter 4.
2.11 The Techniques Applied to Analyse Food Production and The Food Supply Chain
The environmental impacts associated with food products and the food system have been examined 
using a variety of analysis techniques over the last thirty years. These include Energy Input Analysis 
(Brown and Batty, 1976; Olabode et al, 1977; Leach, 1976), Product-Related Transportation Chain
This point also raises the issue of the environmental impacts associated with the construction involved when 
distribution centres are re-located or rail links are extended, which should be considered when looking at the 
feasibility of this option. Also, the timescale involved if all multiple retailers followed a policy of a modal shift to 
rail.
For example, the reports by the RCEP (1994), UK Round Table on Sustainable Development (1996) and DETR 
(1998) which focus largely on the predominant sourcing, distribution and marketing systems at present. These 
(predominant) systems have evolved over the last 30 years in conditions in which high levels of international 
transportation, road fi-eight and car travel have been accepted and subsidised. Retailers, including the multiples, 
have become highly dependent upon on these components.
When the issue of sustainable transport is discussed, international transportation in the form of product imports 
and exports is, in almost all instances, treated separately from UK car and fi-eight transportation. However, when 
the focus is ‘meeting a particular need’ the whole transport lifecycle (and all possible transport life cycles) of a 
product is modelled and international transportation becomes an integral part of the analysis. The dependence on 
international transportation in certain marketing systems and product lifecycles becomes apparent and imports are 
considered as a component which could be avoided.
Imports play a vital role in the sourcing policy of the multiple retailers because they offer year-round availability in 
a wide variety of fi-esh products. Road fi-eight distribution and shopping by car are also important to the multiples 
because of their centralised distribution systems and their locational policy in terms of out-of-town stores. These 
three issues are covered in sections 2.9 to 2.9.3.
54
(PRTC) Analysis (Bôge, 1993) and Life Cycle Assessment (LCA) (Andersson et. al., 1996; EC, 
1997; Kooijman, 1993 and 1994; Weidema et. al., 1995). In this section, several examples of EIA, 
PRTC and LCA studies will be discussed with the aim of discovering the extent to which 
transportation contributes to the total energy consumed in the production, processing and 
packaging, and marketing of food and drink products. In each study that is evaluated the number of 
transport stages that are considered is compared to the total number of transport stages in the life 
cycle of the product being analysed and the significance of omitting one or more transport stages 
will be assessed.
On a macro or national scale it has been estimated in an Energy Input Analysis (EIA) that 28 per 
cent of UK energy was used to grow, process and distribute food in 1978 (Blaxter, 1978). A similar 
EIA study in the USA indicated that about 17 per cent of all energy consumed was accounted for 
by the food system, encompassing agricultural production through to home preparation (Booz et al, 
1975).
In terms of this study, however, it is analyses of a single food product which are of interest. The 
first comprehensive analyses of individual food products were carried out in the 1970’s, following 
the oil crisis in 1973. More recently, over the last 10 years, LCA has been applied to determine the 
environmental impacts associated with food and drink products.
The approach and the methodology applied in three of these analyses^* (Brown and Batty, 1976; 
Kooijman, 1993; Olabode et. al, 1977) are similar in several respects, and have influenced the way 
in which this study was formulated. Each of these studies considered at least two options in terms 
of cultivation, packaging, sourcing, distribution and shopping. For example, in an EIA analysis 
looking at the total energy consumption associated with a can of sweetcom. Brown and Batty 
(1976) considered irrigated and non-irrigated cultivation systems and distribution and shopping 
over various distances. Two sets of results were presented which demonstrated the influence of 
different cultivation and distribution systems and shopping patterns on the minimum and maximum 
energy consumption for this product, with the maximum value being 40 per cent greater than the 
minimum. The studies of Olabode et al. (1977) and Kooijman (1993) are very similar in that the 
former looked at 10 possible ways in which a consumer can be provided with a serving of potatoes 
and Kooijman (1993) considered 9 possibilities for the delivery of peas to the consumer. These two 
studies looked at various product preservation/packaging combinations, including fi-esh produce, 
and Kooijman (1993) also considered local sourcing and imported produce. By looking at several 
alternatives to achieve the same ‘end’, which was the delivery of a specific quantity of food to the 
consumer, these analyses highlighted two obvious but nevertheless important aspects of the modem 
food supply chain (FSC). First, there are now many stages in the FSC and both the distance 
between producer and consumer and the cumulative distance which a product travels, including all 
the ingredients and components incorporated in a product and its packaging, can be considerable. 
Secondly, there are many ways in which a food product can be cultivated, sourced, distributed and 
marketed, which results in many variables for each stage in the life cycle of a product and also, 
through various sourcing, packaging and distribution combinations, a range of values for the total 
energy consumed in producing and distributing the same foodstuff to a consumer.
In the analyses by Brown and Batty (1976), Kooijman (1993), and Olabode et. al. (1977), the reference point was 
the consumer and each analysis considered two or more ways in which a certain quantity of a particular food 
product could be supplied to a consumer. Thus, the boundary was geographically restricted to consumption 
(Andersson, 1993). The alternative is an analysis in which the assessment is geographically restricted to 
consumption (Andersson, 1993). Examples of the latter will be provided in this section and include analyses 
which concentrate on agricultural systems or processing and packaging operations. The system boundary and 
scope of this analysis is outlined in Chapter 3 (a).
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Figure 2.38 demonstrates the numerous possibilities when transporting a food product to a 
consumer. This diagram is based on Figure 2.1 and looks only at imported produce (system i in 
Figure 2.1). What Figure 2.38 highlights is that even when a food product is imported from the 
same country and marketed in one type of retail outlet, a supermarket in this case, there are 9 
possible transport life cycles. Therefore if all other marketing options (at a particular location) are 
considered, including greengrocers and market traders, there will be 9x possible transport life 
cycles, where x represents the number of possible retail outlets. Imports of a particular food 
product are often sourced in several different countries; therefore, the total possible number of 
transport life cycles is 9xy, where y is the number of countries exporting this product. So for a 
consumer who has access to a particular food product, which is imported from 5 different 
countries, at 4 retail outlets, there will be 180 ways (possible transport life cycles) in which this 
imported product travels from producer to the household of this consumer (including aU waste 
management options). This example covers only imported produce; if all other sourcing and 
distribution systems for fresh food produce are considered, such as produce grown commercially in 
Britain and local and homegrown produce, there will be several hundred alternative transport life 
cycles for the same food product.
This multiplicity of transport options is looked at in more detail in Chapter 3, when the sourcing, 
distribution and marketing options for fresh apples are considered and the methodology appHed in 
this study, to represent aU possible transport life cycles for this product, are described. The issue is 
introduced here because the majority of analyses of food products have not considered all of the 
options for sourcing, distribution, packaging and marketing, while many studies have omitted one 
or more of the total number of transport stages (in the lifecycle of a particular product).
Many recent studies which have looked at aspects of the FSC have focused on agricultural 
production (Andersson et. al, 1996), for example, the cultivation of tomatoes (Jolliet, 1993) and 
wheat production (EC, 1997). These analyses are useful in terms of general guidelines on the 
environmental impacts associated with different cultivation methods but because the analysis ends 
at the ‘farm gate’ the significance of processing, packaging, distribution, shopping and post­
consumption waste management stages is not discovered. Other analyses have looked at different 
packaging systems for certain food and drink products; for example, Deloitte and Touche (1991) 
compared the energy consumed by tetra brik aseptic cartons and glass bottle packaging systems in 
Canada and Mekel and Huppes (1990) looked at the packaging of milk in reusable polycarbonate 
and glass bottles and tetra brik aseptic cartons in Holland. The energy consumption of shopping or 
home delivery was not considered in either of these studies and in the study of Mekel and Huppes 
(1990) the transportation of the milk and the milk packaging to the dairy in question was not 
considered. Therefore, Mekel and Huppes (1990) only considered the movement of the packaged 
milk from dairy to retailer and the return of the reusable packaging to the dairy, excluding shopping 
or home delivery; distribution of milk to the dairy; and even for the distribution between dairy and 
retailer an average distance of 40 kilometres was assumed.
Even though only two out of a possible four transport stages are considered in the analysis of milk 
and its packaging by Mekel and Huppes (1990), in the case of milk packaged in a carton these two 
stages consumed 148.85 MJ per 1000 litres of milk, which was 28% of the total energy 
consumption. If shopping was also considered a single shopping trip by car could consume more 
energy than the total energy consumption of milk packaged in a carton, which was 534 MJ per 
1000 litres of milk (0.534 MJ per litre). For example, if a shopping trip of only 1 kilometre return in 
a medium-sized petrol car was solely to buy a litre of milk then this would consume 3.69 MJ, which 
is almost 7 times the greater than the total energy consumption of packaging a litre o f milk in a 
carton. Additionally, if the transportation of milk from the farm to the dairy was considered the 
total energy consumption would be greater than 0.534 MJ per litre; if this stage and the stage in
56
which milk is purchased in a shopping trip by car were considered, the relative energy consumption 
of transportation would be significantly greater than 28% of the total.
Andersson et. al. (1996) have calculated the total life cycle energy consumption required to produce 
and distribute a 1kg plastic bottle of tomato ketchup in Sweden. The energy consumed in producing 
all ingredients including tomatoes, sugar beet, vinegar, spice and salt (and the supply and use of 
fertiliser, pesticides, seed and fuel on the farm); aU packaging and the storage of the ketchup by the 
consumer in a refiigerator were included in this analysis (Figure 2.39). All transportation involved 
in the cultivation and distribution of all ingredients and the final product was considered, apart fi-om 
the transportation within the packaging system and the shopping trip in which the ketchup is 
purchased. In total 14 transport stages were included in the analysis out of a total of 22 transport 
stages, and the transport-related energy consumption was 0.95 MJ per kilogram of product. The 
transportation -within the packaging system was excluded, even though some of the packaging 
materials were sourced in a transport-intensive way fi-om Japan and the USA which could have 
altered the results considerably. This is also true for the shopping stage which could, if included in 
the analysis, increase the total energy consumption considerably, as shown above for the study of 
milk by Mekel and Huppes (1990).
Transport and distribution systems have been overlooked in many EIA and LCA studies; while even 
if transport has been considered, often only a few of the total number of transport stages have been 
included or averages are used which do not reflect the range of ‘real life’ fi-eight and shopping 
patterns. This is exemplified by the analysis of milk-packaging discussed above (Mekel and Huppes, 
1990) and in another study carried out by Kooijman (1993) which looked at different packaging 
and preservation methods for garden peas consumed in Holland. Figure 2.40 provides a summary of 
the results of this study with the energy consumption for transportation highlighted. The most 
important point is that there is no breakdown of the transport steps and it can only be assumed that 
the energy consumption of transport is included in other categories. For example, in the category 
product ingredients, local peas consume 5.5 MJ and imported peas 14 MJ; this difference is 
presumably due to the transport requirements of imported produce, but this is not explained^^. 
Kooijman claims that the study was detailed but it is difficult to see how, in the whole life cycle of 
fi-esh peas, the energy consumption per kilogram of edible product for distribution and storage can 
be 1.9 MJ for both imported and locally sourced produce, and the energy consumption for 
transportation be zero for local produce and only 0.1 mega joules for imported produce! As in the 
analyses described earlier, the transport-related energy consumption of shopping and waste 
management are not considered. Despite the lack of an explanation of the transport stages which 
are and are not included and a breakdown of the energy consumed by each transport stage, the 
energy consumption of the localised system is just over a third of that for imported produce. By 
providing only one value for each stage in the life cycle, as Figure 2.40 shows, Kooijman overlooks 
the possibility of comparing the environmental performance of different practices for each stage, i.e. 
sourcing in different countries, different distribution systems, retailing systems, shopping patterns 
and waste management options. This is significant as there can be large differences in energy 
consumption, as Kooijman shows in comparing the total energy consumed for imported and locally 
sourced peas.
In an EIA study, carried out by Boustead and Hancock (1976), the total energy requirement was 
determined for a sixteen fluid ounce tinplate beer can. The study claimed to be a whole-system 
analysis considering direct and indirect energy consumption (i.e. the fiiel for transport and the fuel 
consumed in vehicle manufacture). However, the energy consumption for transportation amounted 
to only 0.8 mega joules per litre, out of a total-system energy requirement of 17 mega joules per 
litre, which was only 4.7 per cent of the total.
The author wrote to Professor Kooijman asking for clarification but did not receive a response.
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In this dissertation I argue that the only way in which the different production, distribution and 
marketing systems for the same food product can be compared is by considering aU transportation 
and by providing a clear breakdown of the environmental impact of the transport and distribution 
sub-system and of each separate transport stage. This means determining the transport-related 
energy consumption associated with importing a particular product (including all countries from 
which it is sourced), the energy consumption of all possible distribution systems in Britain, all 
options and variables associated with shopping trips, and the waste management of waste product 
and packaging.
When certain transport stages or all possible transport life-cycles for the same product are not 
considered, then the spatial aspects of the FSC and the transport life cycle intensity of food 
products are (either underestimated or) overlooked and the most environmentally benign life-cycle 
option cannot be highlighted. Also, if some transport stages are excluded, as in the case of shopping 
in the LCA of drinks packaging above, then a study cannot claim to be comprehensive, and to have 
considered all energy inputs (and all of the associated environmental impacts).
The breakdown of a product life cycle into its components, that is the sequence of processes (stages 
or sub-systems) involved when a food product is moved from the farm to the consumer, allows the 
energy consumption of each sub-system to be assessed and any energy-intensive stages in the life­
cycle to be highlighted. In this way the transport intensity of food distribution can also be assessed 
and the energy consumption of aU transportation in the life cycle of a food product can be 
compared to both the total Ufe cycle energy consumption (aU energy inputs into aU stages) and the 
energy consumed in other sub-systems. One interesting comparison is the energy consumption of aU 
transportation to that in agriculture, which in the case of fresh produce is aU energy consumed 
during cultivation^®. Also, the transport-related energy consumption in aU possible life-cycles of an 
individual product can be compared.
Brown and Batty (1976), for example, found that the energy consumption of cultivation (up to the 
farm gate) for a can of sweetcom was between 12 and 22 per cent of the total energy consumption, 
but the energy consumption of distribution and shopping was between 23 and 27 per cent and 
packaging and processing between 33 and 46 per cent of the total energy consumption. Similarly, 
for fresh potatoes Olabode et al. (1977) discovered that 23 per cent of the total energy consumed 
was due to distribution (excluding shopping) and more recently Kooijman (1993) found that locally 
sourced fresh peas consume almost three times less energy than imported peas, with the difference 
again mainly due to the greater packaging and transport requirements of the imported product. The 
results of these three analyses show that transport-related energy consumption can be significant 
and should be considered in a comprehensive analysis.
The transport intensity of the food supply chain, that is all transportation involved in supplying the 
materials and resources required when growing, packaging and processing a food product as well 
as distributing the finished product, has been highlighted iu a study in 1993 by Stefanie Boge (1993; 
Figure 2.41). Weizsacker et al. (1998) have described the reaction and implications of this analysis:
“Germans are very fond of strawberry yoghurt and consume 3 billion cartons annually. Until the winter of 1992- 
93, no one had ever thought of strawberry yoghurt as more than an innocent treat. All this changed suddenly when 
the findings from a study by Stafanie Boge made headlines. What Boge had established in early 1993 was the 
embarrassing, even ludicrous transport intensity of the product. The yoghurt and its ingredients and the materials 
used for the glass jar made accumulated journeys totalling 3,500 kilometres. Another 4,500 kilometres could be
^  For example, Andersson et. al. (1996) found that, of the total energy consumed in a 1kg plastic bottle of tomato 
ketchup, the cultivation of all product ingredients (the agricultural sub-system) consumed 1.19 MJ per kilogram of 
packaged ketchup which was only 3.1-12 per cent of the total energy consumed (Figure 2.39).
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added for the transportation associated with the suppliers. The study was carried by newspapers throughout 
Germany. Overnight, Boge became the best-known researcher of the Wupperthal Institute. In a way, this sudden 
fame was a surprise to everyone with a basic understanding of modem manufacturing. Surely everyone knows that 
ores and metals and plastic and fruit are shipped around the globe, not only within central Europe. But with the 
beloved strawberry yoghurt, the German public cultivated the convenient illusion (in a country with abundant 
strawberry and milk production) that the thing came from just round the comer. This is probably why Boge’s 
findings met with such inordinate public interest.”
By isolating and assessing all transportation involved in the production and distribution of a 
product, Boge was able to demonstrate the transport intensity of a processed and packaged food 
product, in this instance yoghurt. Unlike other analyses of food products, where averages have been 
used to represent transport segments or certain transport stages have been ignored altogether, all 
transport involved was assessed in a comprehensive way. The magnitude of the results and the 
response and concern of consumers, policy makers and the food producers and distributors 
prompted further research into alternative ways in which yoghurt and other food products could be 
produced, sourced and distributed.
Holzapfel (1995) used the yoghurt example above to demonstrate the potential for a reduction in 
transport intensity. He analysed the same yoghurt processing plant as Boge but looked at alternative 
sources of product and packaging components and ingredients and discovered that a 67 % 
reduction in lorry kilometres was possible by substituting ‘near’ for ‘far’ in terms of aU product and 
packaging sourcing.
Weizsacker et al. (1998) have suggested that yoghurt is an example of a product for which the total 
transport-related environmental impacts could be further reduced by local or regional sourcing of all 
inputs and distribution of the finished product, as in the case of asparagus and lettuce discussed 
earlier, and in terms of this analysis dessert apples, therefore reducing transport demand while 
maintaining product availability. The strawberries, nfilk, sugar and other ingredients could by 
produced and processed locally and the glass jars could be returned in local or regional markets 
(Weizsacker et al., 1998). Yoghurt could even be produced in the home as it was and still is in 
many parts of Europe, in which case transportation could be minimised or even avoided altogether 
(Weizsacker et al., 1998).
Following the coverage given to the strawberry yoghurt study, the German Mushroom Growers 
Association asked Stefanie Boge to look at their operations in the context of their efforts in eco- 
management and eco-auditing (Weizsacker et al., 1998). Again, Boge concentrated on the 
production process and aU inputs into mushroom production and discovered that on average, a 10- 
tonne truck travels 65 metres in the service of producing a pound of white mushrooms. There was 
potential to reduce this transport intensity by sourcing manure locally and replacing the peat-based 
top soil with local waste paper products. After scrutinising their own transport intensity, the 
German mushroom producers went on to publicise the relatively small distance involved in 
mushroom production. This seems to be the first recorded instance of a business actively 
advertising ‘low-transport produce’ in order to attract environmentally conscious customers 
(Weizsacker et al., 1998).
The work of Boge and Holzapfel focused attention on the sourcing and transportation of food 
products. Further research at the Wupperthal Institute quantified the transport related energy 
consumption associated with imports of orange juice and the potential for a reduction in transport 
demand. Kranendonk and Bringezu (1993) discovered that 40 million litres of fuel was required to 
transport the 1.5 thousand million htres of orange juice consumed in Germany each year fi-om 
South America and the USA. As an environmentally benign alternative Kranendonk and Bringezu 
(1993) suggested a return to the local production of blackcurrant juice.
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In 1994 the Sustainable Agriculture, Food and the Environment (SAFE) Alliance published a report 
entitled ‘Food Miles’ which looked at the transportation of food products and the environmental 
impacts associated with importing produce, transport-intensive distribution within Britain and 
shopping trips. Cowell and Clift (1996) have also looked at transportation and in a macro analysis 
quantified all of the transportation associated with British imports and exports of food products and 
animal feed in 1992. Again the results of this study showed the significant environmental impacts of 
food transportation and the potential for a reduction in transport demand, in this instance by 
national self-sufficiency in food.
The sourcing and distribution of food products is now receiving considerable attention, but fiirther 
detailed research is required to assess the environmental impacts of the predominant systems at 
present and alternatives in which the demand for transport is reduced (Cowell and Clift, 1996; 
Whitelegg, 1995). Consumers and policy-makers require this information in order to make 
environmentally conscious decisions. Access to information about the source and transport intensity 
of food products and an understanding of the environmental impacts of production and distribution 
systems is a prerequisite for sustainable development. Further insights into the transportation 
involved in the FSC may lead to a better understanding of the processes which have resulted in 
growing levels of international fi-eight transportation by plane and ship, and the increasing levels of 
road fi-eight and car use in Britain, which were discussed earlier. By considering alternative 
sourcing, production and distribution systems, sustainable solutions may become apparent.
2.1L1 Means/end analysis
In this study the transport-related environmental impacts of all of the options (i.e. global, national 
and local sourcing and distribution) for satisfying a particular human ‘need’ are quantified^\ A 
comparison can then be made between localised fi-esh-produce sourcing systems and the 
predominant food-sourcing, distribution and marketing systems at present. In this way the analysis 
is not restricted to the transport and distribution systems which predominate (and a modal shift in 
the predominant systems) Alternative systems, which satisfy the same ‘need’ or goal, are also 
considered and if these ‘alternative’ systems are shown to be environmentally less damaging then 
there is a case, in the context of sustainable development, that they should be implemented. This 
approach, of considering and evaluating all of the options for meeting a specified ‘need’, is referred 
to as means/end analysis (MEA). MEA is similar to the Best Practicable Environmental Option 
(BPEG), an approach which has been developed by the Royal Commission on Environmental 
Pollution for strategic environmental assessment (RCEP, 1994). The concept of the Best 
Practicable Environmental Option (BPEO), in terms of transport planning, means that:
“when transport policies are developed or transport decisions taken, attention must be paid to assessing how best 
the environment can be protected fi-om damage, at an acceptable cost. A key element in the BPEO approach is the 
imaginative search for alternative options. In this context, these should include non-transport options, and options 
which do not involve the construction of new infi-astructure, or which make use of alternative modes, possibly in 
combination with demand management methods. The long-term aim o f  this approach would be to provide people 
with access to goods, services and activities they desire, without unsustainable environmental degradation"' 
(RCEP, 1994).
The BPEO procedure:
“..establishes, for a given set of objectives, the option that provides the most benefit or least damage to the 
environment as a whole, at acceptable cost, in the long term as well as in the short term...at the same time as the 
objectives are set, a statement of the constraints imposed on the decision-making must be formulated, whether the
This will provide the data and information about localised production, distribution and marketing systems which, 
so far, has not been available (as mentioned in section 6 of Appendix 2.7 and vi. in section 2.10).
The problems associated with analyses of this type (which were discussed in section 2.10.1) are, therefore, avoided.
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constraints are legal, technical, social or economic. The implications of alternative options should also be 
considered...and all feasible ways of achieving the objective should be identified and the aim should be to find 
those which are both practicable and environmentally acceptable. The search should be as wide-ranging and 
imaginative as possible and should, in this context, include non-transport options...The advantages and 
disadvantages of each option for the environment should be evaluated, using both quantitative and qualitative 
methods” (HMSO, 1994).
An example of the BPEO approach is given in Appendix 2.9.
Means/end analysis is applied in this study -with specific objectives:
• the assessment is based on meeting a human ‘need’, which in this instance is the delivery of a
quantity of apples to the consumer, which satisfies the basic need for nutrition;
• all options for meeting this need are quantified;
• quantification and comparisons are based on the energy consumed and the resulting air
emissions;
• the objective is to determine which option, to meet this same need, results in the minimum 
environmental impact which is defined as the minimum throughput of energy and matter (or 
thermodynamic throughput).
By concentrating on a human need and considering aU of the possible cultivation, sourcing, 
distribution and marketing systems to meet this need it is not only transport systems that are being 
assessed but also other sub-systems of the FSC and other sectors of the economy which influence 
the transport intensity within the food system, such as retaOing^ .^ The environmental efficiency of all 
of the options for meeting this need are assessed and the most sustainable option is highlighted.
Looking at all possible transport life cycles for fi-esh food products such as dessert apples, which 
can be sourced locally but in most instances are not at present, provides an opportunity to quantify 
the transport involved in current sourcing and distribution systems and to assess the opportunities 
for reducing this transport intensity.
In the following chapter means/end analysis methodology is described. The main differences 
between means/end analysis and the environmental analyses which are described in section 2.11 are 
listed in Appendix 2.8.
2.12 Summary
The four areas which have been covered in this chapter are :
i. the environmental impacts associated with mtemational fi-eight transportation, distribution -within 
Britain, and shopping patterns; and the trends in these areas in recent decades;
ii. the trends in the finit and vegetable sector and the apple sector in particular including UK 
production and import levels;
When considering the options for the sourcing, fi-eight transport and shopping patterns associated with a food 
product it is important that transportation is not looked at in isolation. The transport intensity of the Food Supply 
Chain (FSC) is influenced by many factors, and these issues have been discussed in earlier sections. They include 
the sourcing, distribution and location policies of the multiple retailers, competition from imported produce and 
British and European Union agricultural, trade and transport policies. It is also important to model all of the 
options so that the analysis is not limited to the predominant systems at present. In terms of determining and 
implementing the most sustainable option, this background information equates to the first stage involved in the 
‘sustainable development process’ and is described as ‘documenting and analysing the problems’ in Figure 1.7. 
This background research and analysis is carried out in the first two chapters of this thesis.
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iii. the effects of recent changes in retailing; EU and UK trade, agricultural and transport policies on 
the transport intensity of the sourcing and distribution of fresh produce.
iv. the environmental analyses of food products and means/end analysis.
The following points summarise the discussion -within this chapter:
There have been significant increases in road freight transport and car use in recent decades with 
associated increases in external social and environmental costs. The external costs of road freight 
traffic and car travel include pollution, congestion, accidents, land use, and the consumption of 
finite fossil fuel resources.
The increases in the external social and environmental costs associated with road freight 
transport and car use in recent decades have prompted a response in the form of numerous 
reports and the Transport White Paper of 1998 in which the policy of ‘predict and provide’, 
which had been the basis of road transport poHcy, was rejected. The main aims of the White 
Paper and of two recent reports by the RCEP have been to develop an integrated transport 
system and to promote a modal shift in freight and passenger transport from road to rail, bus and 
water transport.
Transport has become a significant component of the Food Supply Chain (FSC) in terms of 
energy and resource consumption and the resulting environmental impacts. A pattern of global 
sourcing, centrahsed distribution systems within Britain and shopping by car has evolved and 
resulted in a transport-intensive FSC.
The movement of agricultural products and hve animals; foodstuffs and animal fodder; and 
fertihser in 1993 constituted almost a third of ah commodity movement by road in Britain with 
97% of ah food and agricultural products transported by road compared to an average of ah 
commodities of 63%.
There is a strong historic relationship between developments in transport systems, the sourcing 
and distribution of fresh apples and the scale and degree of speciahsation in orchards. The 
present ‘crisis’ in the apple sector is not unprecedented and British apple growers have had to 
compete with imports from the empire, the USA and Europe for most of the last 200 years.
As imports of apples and other fresh produce have increased, the level of UK production in 
apples and other fresh finit and vegetables has declined.
Figure 2.42 provides a summary of the British, European Union and GATT pohcies which 
together have contributed to the present situation in terms of British apple production. The EU 
has encouraged specialisation and free trade within Europe, most notably with the introduction 
of the single market, and the WTO has promoted extra-EU free trade. At the same time the 
Common Agricultural Policy has encouraged intensive food production through subsidies and 
the move to specialisation (Paxton, 1994).
Increases in imports of apples and other finit and vegetables; food distribution by road in Britain; 
and the distance of shopping trips and the fraction carried out by car over recent decades, have 
taken place over a period in which the number of superstores, the number of out-of-town 
superstores and the market share of the retail sector of the multiple retailers has also increased.
Out-of-town stores have emerged and result in shopping trips by car of up to 70 kilometres, 
compared to the average shopping trip distance by car of 10 kilometres.
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In terms of the transport intensity of the food system, two of the most significant changes in the 
FSC have been increasing speciahsation and scale in agriculture and a concentration in the retail 
sector.
The multiple retailers require large quantities of blemish-fi-ee and uniform produce, which 
encourages speciahsation and monocultural production. Firstly, this ofi;en involves the use of 
pesticides and also a move to large-scale agricultural production, and if this results in the loss of 
smah scale local production, a situation wih arise in which a relatively smah number of producers 
supply the British market, with associated increases in fi-eight transport. By our not dealing with 
smah local horticultural producers, who may have previously supphed the local market, their 
future viabihty is threatened and fireight transport demand increases.
Importing large quantities of fi-esh produce ah year round results in large volumes of 
international fi-eight and road fi-eight within Britain. Importing produce invariably involves the 
movement of goods over greater distances than when they are sourced nationahy and if imports 
replace national produce (when British produce could be available) then this may also have the 
effect of permanently displacing British production.
The increased transport intensity of the FSC or ‘food miles’ is a result o f increases in both the 
distances which foodstuffs are distributed by truck, plane and ship and the length of shopping 
trips. This process is in direct conflict with the goal of minimising the thermodynamic throughput 
of systems of production and distribution, and a reduction in demand of the most 
environmentally damaging modes of transport.
Only a few environmental analyses, out of a growing Hterature, have assessed all options for the 
delivery of a food product to the consumer, and transportation within the food system has to a 
large extent been overlooked in these analyses.
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Figure 2.1 Examples of the transportation involved in fresh produce sourcing, distribution 
and waste management
i. Imported produce distributed to a greengrocer or supermarket, shopping by car and waste collected as refuse
International
Transportation
Shopping by 
Car
Distribution in 
Britain
Waste Taken 
to Landfill
ii. British produce distributed to a greengrocer or supermarket, shopping by car and waste collected as refuse
Waste Taken 
to Landfill
Distribution in 
Britain
Shopping by 
Car
iii. Local produce delivered to the home and waste collected as refuse
Home
Delivery
Waste Taken 
to Landfill
iv. Home grown produce and waste composted
Involves no transportation
Figure 2.2 Energy consumption of public, private and freight transport
i. Freight transuort MJ / Vehicle-km MJ / tonne-km
FULL LOAD HALF LOAD
Large Truck 14.82 0.741 1.482
Medium Truck 10.15 1.015 2.030
Light Goods Vehicle (diesel) 3.45 0.863 1.726
International Shipping (2) --- 0.180
Coastal Shipping (i) — 0.470
Barge (3) — 0.423
Train* (2) — 0.2707
* Average based on Eriksson (1995). The enei^  consumption depends on the source of the data and variables such as the
number of carriages and load rate; the range provided by Eriksson (1995) was from 0.1656 to 0.396 MJ / tonne-
kilometre.
ii. Private and oublie transport MJ / vehicle-km (4) MJ / passenger-km
Large Petrol Car (urban) 6.63
Large Petrol Car (rural) 5.04
Medium Petrol Car (urban) 4.18
Medium Petrol Car (rural) 3.69
Small Diesel Car (urban) 2.33
Small Diesel Car (rural) 2.09
Bus (3) 0.74
Note: if it is commuting to work that is being considered, and three people share a car, then the energy consumed 
will be a third of the total energy consumed (distance * energy per vehicle-kilometre) / 3)). However, when 
considering car use for shopping trips, as in this analysis, then the allocation of the energy consumption becomes 
more complicated and will be based on the amount (by weight) of groceries purchased. The procedure followed in 
this analysis is outlined in Chapter 3.
Source: Gover (1994) apart from (2) - Eriksson (1995) and (3) - Whitelegg (1993) and Hughes (1992).
(4) The energy consumption for cars is higher in urban conditions than in rural conditions.
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Figure 2.3 Energy consumption of public and private transport
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Source: Hughes, 1992
Figure 2.4 A general environment hierarchy for passenger and freight transport
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Figure 2.5 Pollutants emitted by petroleum-powered vehicles
AIR
main constituents 
78% nitrogen 
21% oxygen
FUEL 
hydrocarbons 
contaminants (eg sulphur) 
addhlves (eg lead compounds)
POWER 
AND HEAT
COMBUSTION
OF
FUEL IN AIR
Evaporation from  
engine and fuel tank
hydrocarbons
PRODUCTS OF PRODUCTS OF COMBUSTION BY-PRODUCTS
COMPLETE INCOMPLETE AND
COMBUSTION COMBUSTION OTHER SUBSTANCES
carbon
monoxide
unburnt fuel  ^
and partially burnt 
fuel products 
(hydrocarbons,
V VOCs) .
oxides of 
nitrogen 
(NO + NO2 )
I
lead
compounds
J
sulphur
dioxide
CATALYTIC CONVERTER effective^
^  where fitted J
carbon dioxide and water vapour
particulates
hydrogen
sulphide
nitrogen leaded petrol cannot 
be used in cars fitted 
with catalytic converters
Source: RCEP (1994)
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Figure 2.6 Proportion of UK air emissions originating from road transport vehicles
Carbon Monoxide 
Benzene 
Nitrogen Oxides 
Black Smoke
Volatile Organic Compounds 
Hydrocarbons 
Carbon Dioxide 
Sulphur Dioxide
90
80
53
47
46
32
21
Source: NETC (1994); OECD (1991) 
Figure 2.7 Airborne pollutants from transport, 1992 (thousand tonnes)
TRANSPORT 
AS%OF UK
ROAD RAIL AIR SHIPPING
TOTAL 
EMISSIONS FROM 
TRANSPORT#
EMISSIONS 
FROM ALL 
SOURCES*
CARBON MONOXIDE 6029 (99.3) 12 (0.2) 11(0.2) 19(0.3) 6071 90(91)
NITROGEN OXIDES 1398 (88.8) 32 (2.0) 14(0.9) 130 (8.3) 1574 57 (61)
VOLATILE ORGANIC COMPOUNDS 949 (97.3) 8(0 8) 4 (0.4) 14(1.4) 975 38(48)
PARTICULATES 215(98.2) - 1 (0.5) 3(13) 219 48(48)
SULPHUR DIOXIDE 62 (48.4) 3 P 3 ) 3 0 3 ) 60(46.9) 128 4(7)
* Figures in parenthesis include transport-related emissions from oil refineries and power stations
# all other figures in parenthesis are the percentage of total emissions from transport
Source: RCEP (1994)
Figure 2.8 Percentage of airborne pollutants from road transport, by vehicle class, 1990
CARS
LIGHT
GOODS
VEHICLES
HEAVY
GOODS
VEHICLES
PUBLIC
SERVICE
VEHICLES
MOTOR
CYCLES
CARBON MONOXIDE 88 7 3 I 1
NITROGEN OXIDES 72 7 19 3 -
VOLATILE ORGANIC COMPOUNDS 84 7 6 1 2
PARTICULATES 6 7 77 10 -
SULPHUR DIOXIDE 37 9 47 6 -
Source: RCEP (1994)
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Figure 2.9 Increase in pollutants emitted from road transport in Britain 1980 -1990
Nitrogen Oxides
Carbon Monoxide
Carbon Dioxide
Volatile Organic Compounds
Figure 2.10 Principal greenhouse gases
Source: Transport Studies Group (1993)
atmospheric atmospheric present annual estimated contribution
concentration concentration rate of change to enhanced greenhouse
1750-1800 1990 effect in the 1980’s
carbon dioxide 280 ppm 353 ppm +0.5% 65%
methane 0.8 ppm 1.72 ppm +0.9% 20%
nitrous oxide 288 ppb 310 ppb +0.25% 7%
tropospheric ozone 17-23 ppb 30 - 34 ppb +1-2% 5-10%
Note: ppb - parts per billion and ppm - parts per million
Source: RCEP (1994)
Figure 2.11 Total Apple Imports for 1993 by Country of Origin
Origin Quantity
Tonnes
Value
£*10^
France 194354 46.6 82986
Netherlands 19939 4.8 9586
U.S.A 20992 5.0 41226
South Africa 84955 20.4 41226
New Zealand 53117 12.7 9091
Others 43849 10.5 17594
EC. 240158 57.6 103474
Non E C. 177049 42.4 81126
Total excluding ‘others’ 373358 89.5 167006
Total 417207 184600
Source: CSO (1994)
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Figure 2.12 UK fresh fruit and vegetable output and imports (excluding potatoes), 1938-1997
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Based on data from: Basic Horticultural statistics o f the UK, various years between 1950 and 1998, MAFF.
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Figure 2.13 UK self sufficiency in fruit and vegetables, 1952 - 1997
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Based on data from: Basic Horticultural statistics o f the UK, various years between 1950 and 1998, MAFF.
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Figure 2.14 Apple imports and UK apple production for the calendar years 1952-1997
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Based on data from: Basic Horticultural statistics o f the U K , various years between 1950 and 1998, MAFF.
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Figure 2.15 UK commercial cropped area in apples, 1947-1997
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Based on data from: Basic Horticultural statistics o f the UK, various years between 1950 and 1998, MAFF.
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Figure 2.16 UK self-sufficiency in dessert apples, 1938 - 1997
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Based on data from: Basic Horticultural statistics o f the UK, various years between 1950 and 1998, MAFF.
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Figure 2.17 UK fresh fruit and apple output and imports, 1952 - 1997
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Based on data from: Basic Horticultural statistics o f the UK, various years between 1950 and 1998, MAFF.
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Figure 2.18 Apples yield, 1947 - 1997
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Based on data from: Basic Horticultural statistics o f the UK, various years between 1950 and 1998, MAFF.
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Figure 2.19 The quantity of British apples withdrawn under the EU fruit regime
Crop Year Tonnes
1987/88 3,456
1988/89 4,847
1989/90 34,213
1990/91 13,273
1991/92 881
1992/93 22,219
1993/94 24,354
1994/95 10,932
1995/96 1,092
1996/97 2,311
1997/98 62
Figure 2.20 Number of UK Superstores 1965 - 1994
Source: MAFF (1998)
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Source: Raven and Lang and Dumonteil (1995).
76
Figure 2.21 Grocery Market Share, by Sector, 1950 - 1990
1990 ......... 1
1980
1970
1960
1950
□  Local Shops
□  Co-ops
■  Supermarkets
Source: Raven and Lang and Dumonteil (1995) 
Figure 2.22 Pre-Tax Profits of the Multiple Retailers
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Source: Argyll (1996); Buckley (1994); Sainsbury (1996); Asda (1996); Tesco (1996); Walsh (1994).
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Figure 2.23 Turnover of the Multiple Retailers
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Source: Argyll (1996); Buckley (1994); Sainsbury (1996); Asda (1996); Tesco (1996); Walsh (1994).
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Figure 2.24 Fresh produce sourcing and distribution between the mid-1950’s and the mid- 
1970’s
British Growers and co-operatives* Imports
BRITISH FRESH PRODUCE SUPPLIES
4
Primary Wholesaler **
Greengrocers / supermarkets Secondary wholesaler
1 1
Consumer Greengrocer
1
Consumer
^  The main flows of apples and other fresh produce.
* From 1952 to 1975 between 40% - 58% of apples were sourced in Britain and over the same period 
Britain was between 61% and 69% self-sufflcient in all fresh produce (excluding potatoes).
** in 1952 there were no supermarkets and their share of the fresh food sector was less than 10% in 
1975.
Based on Starkey (1995); (Raven, Lang and Dumonteil, 1995) and Figures 2.12-2.21.
Figure 2.25 Fresh produce sourcing and distribution between the mid-1970’s to the 1990’s
British Growers and co-operatives* Imports
BRITISH FRESH PRODUCE SUPPLIES
7  '
Primary wholesaler Supermarkets** ^ X \
Greengrocers Secondary wholesaler Consumer
i 1
Greengrocer 
1
Consumer
Consumer
The main flows of apples and other fresh fruit and to a lesser extent fresh vegetable produce.
* British sourced apples fell from 40% in 1975 to 18% in 1997 and between 1975 and 1996 British self-
sufficiency in fresh produce (excluding potatoes) fell from 63% to 47%.
** In 1983 the multiples had 24 per cent of the fresh produce market; by 1991 this had doubled to 47.6
per cent. The multiple retailers’ share is now about two thirds of the market in fresh produce which is 
predicted to rise to 70 per cent by 2000.
Based on Starkey (1995); Raven, Lang and Dumonteil (1995) and Figures 2.12-2.21.
79
Figure 2.26 Fruit and vegetable imports and the number of superstores in the UK (with 1970 
as the base year)
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Source: based on data from Raven, Lang and Dumonteil (1995) and MAFF (1998)
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Figure 2.27 Food, drink and tobacco lifted and moved by heavy goods vehicles in the UK using
1978 as a base year
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Figure 2.28 Commodity movements in 1993
Source: Paxton (1994)
billion tonne-kilometres Percent movcd
ALL MODES ROAD by road
Agricultural Products and live animals 12.5 11.9 94
Foodstuffs and Animal fodder 28.4 28.0 99
Fertiliser 1.8 1.5 84
Commodities in the food system 42.7 41.4 97
All Commodities 211.9 134.5 63
Source: Department of Transport (1995)
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Figure 2.29 Examples of the ‘illogistics’ involved in the supermarket distribution system 
i. The Same Local Supplier
RDC
•  STORE
SUPPLIER
ii. A local and a distant supplier
RDC
SUPPLIER B
KEY 
Direct to store 
Via RDC
•  STORE
SUPPLIERA
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Figure 2.30 Food, drink and tobacco moved and the number of supermarkets in the UK, 1980-
1993
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Based on Figures 2.20 and 2.27.
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Figure 2.31 Journeys and Journey length, 1972/73 -1991/93
Year Journeys per person 
per year
Miles per person 
per year
Average journey length 
(miles)
1972/3 956 4,460 4.67
1975/6 935 4,710 5.04
1978/9 1,097 4,950 4.51
1985/6 1,024 5,320 5.19
1989/91 1,090 6,480 5.94
1991/3 1,057 6,470 6.12
Source: Potter (1995)
Figure 2.32 Journeys and average journey length 1985/6 and 1991/3
Journeys per person / year Net Average Journey Length
1975/76 1985/86 1991/3 Change 1985/6 1991/3
Walk 325 350 310 -40 0.6 0.6
Bicycle 30 25 19 -6 1.8 2.0
Car Driver 261 317 390 +73 7.6 8.2
Car Passenger 167 200 226 +26 8.0 8.9
Bus 121 83 67 -16 3.7 4.0
Rail 15 18 17 -1 21.3 22.6
Other 16 31 28 -3 — — ————
All 935 1,024 1,057 +33 5.0 6.1
Source: Potter (1995)
Figure 2.33 Changes in journey lengths, 1978/9 -1991/3
Journey 
Length (Miles)
1978/9 1991/3 Net
Change
%
Change
<2 580 490 -90 -16
2-5 274 269 -5 -1
5-25 208 252 +44 +21
25 - 50 22 28 +6 +27
50 -100 10 12 +2 +20
>100 3 6 +3 +50
-40
Total 1,097 1,057 -i
Source: Potter (1995)
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Figure 2.34 Shopping journeys and distances by mode (per person per week) *
i) 1985/86
Journeys % Miles % Miles per Journey
Car (driver) 0.95 (37.1) 4.6 (39.0) 4.84
Car (passenger) 0.73 (28.5) 4.2 (35.6) 5.75
Car (total) 1.68 (65.6) 8.7 (73.7) 5.18
Rail 0.04 (1.6) 0.5 ( 4.2) 12.50
Bus 0.46 (18.0) 1.6 (13.6) 3.48
Cycle 0.03 ( 1.2) 0.1 ( 0.8) 3.33
Walk 0.29 (11.3) 0.5 ( 4.2) 1.72
Other 0.06 ( 2.3) 0.4 ( 3.4) 6.67
All modes 2.56 11.8 4.61
ii) 1991/93
Journeys % Miles % Miles per journey
Car (driver) 1.25 45.0 6.60 (46.0) 5.28
Car (passenger) 0.77 27.7 5.10 (35.5) 6.62
Car (total) 2.03 73.0 11.70 (81.5) 5.76
Rail 0.03 1.8 0.42 ( 2.9) 14.0
Bus 0.41 14.7 1.52 (10.6) 3.71
Cycle 0.03 1.1 0.06 ( 0.4) 2.00
Walk 0.23 8.3 0.40 ( 2.8) 1.73
Other 0.06 2.2 0.26 ( 1.8) 4.33
Total 2.78 14.36 5.16
^Excluding journeys under 1 mile based data from DoT (1990,1995)
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Figure 2.35 The market share of the multiple retailers and the distance of shopping trips
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Figure 2.36 Total external cost and increase over town centre location 
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Figure 2.37 An estimate of the energy consumption and carbon dioxide emissions associated 
with shopping trips by car, 1992.
f. Energy Consumption of shopping trips per year
Minimum - 35 million tonnes * 386 kilometres / tonne * 4 MJ / car-kilometre = 54.04 million GJ (i) 
Maximum - 35 million tonnes * 512 kilometres / tonne * 4 MJ / car-kilometre = 71.68 million GJ (i)
ii. Carbon Dioxide emissions of shopping trips per year
Minimum - 35 million tonnes * 386 kilometres / tonne * 185 grammes COi / car-kilometre 
= 2,499 thousand tonnes of CO2 (2)
Maximum - 35 million tonnes * 512 kilometres / tonne * 185 grammes CO2 / car-kilometre 
= 3,315 thousand tonnes of CO2 (2)
iiU Energy Consumption of the average shopping trip
8.5 kilometres * 4 MJ / car-kilometre = 34 MJ
iv. Carbon Dioxide emissions of the average shopping trip
8.5 kilometres * 185 grammes CO2 / car-kilometre = 1.57 % of CO2
Notes
(1) This is equivalent to 3.3-4.3% of road transport-related energy consumption in 1992. Shopping 
trips by car involve 35 million tonnes of groceries per year (Whitelegg, 1994).
(2) This is equivalent to 2.1-2.7% of road transport-related CO2 emissions in 1992. Each tonne of 
groceries purchased is transported between 386 and 512 kilometres in shopping trips by car 
(Whitelegg, 1994).
(3) Average sized car consumes 4 MJ / car-kilometre and emits 185 grammes CO2 / car-kilometre (see 
Figure 2.2).
Data source: Gover (1991994); DoT (1995); Whitelegg (1994) and McKinnon and Woodbum (1993)
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Figure 2.38 The transport options in the sourcing and distribution of food products 
i. Imported produce distributed to a greengrocer or supermarket, shopping by car and waste collected as refuse
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Figure 2.39 The energy consumed (MJ) in producing a 1 kilogram plastic bottle of tomato 
ketchup
Stage
AGRICULTURE 
FOOD PROCESSING 
PACKAGING
Energy Consumption (percentage of total in brackets)
1.19 (3.7-7.2)
7.14 (22.5 - 43.3)
_______ 5.95 - 7.62 (24.0 - 36.11
TOAÎ1SPORT 
RETAIL ÆW STORAGE
0,95
1.26-14.88
_(3.0:5,8)_
(46.8 - 7.6)
16.49-31.78
Source: Andersson et al (1993)
Fig. 2.40 Energy Consumption in the Life Cycle of Fresh Peas
LOCAL IMPORTED
PRODUCTION 
PACKAGING 
L TRANSPORT ..... ..  „ .
5.5 (60)
..........
0
14.0 (55.3)
8.4 (33.2)
...... ....... 0,1 (0A) .. ....:
RETAIL
STORAGE (DISTRIBUTION) 
CONSUMER
0
1.9 (21) 
0.9(10)
0
1.9 ( 7.5) 
0.9 ( 3.6)
TOTAL 9.1 25.3
Note: Energy consumption in - MJ/kg edible product, and the percentage of the total in brackets.
Source: Kooijman (1993)
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Figure 2.41 The spatial analysis of yoghurt manufacture in Germany
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Figure 2.42 A Summary of the policies which have influenced the apple industry
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Figure 2.43 The relationship between average speed and distance travelled in 20 minutes for 
shopping trips by car
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CHAPTER 3; METHODOLOGY, RESULTS AND ANALYSIS
3.1 Introduction
In this chapter the procedure is explained by which the transport-related energy consumption and 
air emissions are determined, for all o f the possible ways in which fresh dessert apples can reach the 
consumer at the two locations; Denbigh and Brixton^" .^ The transport and distribution systems 
which take this product from ‘cradle to grave’ (Clift, 1993) are examined, including all of the 
options for sourcing, distribution, shopping and waste management. There are numerous ways in 
which dessert apples can move from the orchard or individual tree where they were grown to the 
home of the consumer and therefore the number of transport stages, the distance of each and all 
possible combinations of transport stages are assessed to discover the influence of these factors on 
the total environmental impact of each option^^.
In Sections 3.2 to 3 .91 will focus on:
• how the analysis was approached, and why; and
• the data that were collected, and how.
The results are then presented in various ways so that the following comparisons can be made:
i. the total environmental impact of each option for transport and distribution;
ii. the relative environmental impact of each transport stage, compared to the total impact of each 
option;
iii. the potential for a reduced environmental impact for each option through a modal shift to more 
environmentally benign modes of transport;
iv. the environmental impacts of apple cultivation and of apple distribution;
V. the results in Denbigh and Brixton.
The distribution of dessert apples is assessed from two perspectives - a micro- and a macroscale 
point of view (Brown and Batty, 1976). The micro analysis looks at all possibilities for each 
transport stage and individual transport lifecycle, with calculations and comparisons made on the 
basis of a specific quantity of this product, the fiinctional unit. The macro analysis provides an 
alternative view of apple distribution by looking at the total annual environmental impact associated 
with apple imports, by determining the cumulative truck and ship movements. I f  an analysis is 
restricted to only one of these perspectives then certain aspects are overlooked. For example, in a 
microscale analysis of the transport and distribution sub-system of a food product, the 
environmental impacts of global sourcing and centralised distribution systems within Britain may 
appear comparatively insignificant in terms of the fimctional unit (per kilogram of the product in 
question). However, from a macro perspective which assesses the whole apple industry, the annual 
transport intensity associated with freight distribution may have a significant environmental impact 
(Brown and Batty, 1976).
As the study begins once the products have been harvested, the life cycle of the product that is 
considered is from farm gate to waste management^^.
^  The reasons for choosing these two locations are discussed in Appendix 3.1.
Each ‘option’, ‘transport system’ or ‘transport life cycle’ refers to all transportation involved when moving the 
product from its source to the consumer (as well as the transport of any waste to landfill if this waste management 
option is chosen).
^  The two waste-management options that are considered are the decomposition of the product in a landfill site or 
when composted at home.
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PART 3(a): METHODOLOGY
3.2 Purpose of the study
In this chapter:
means/end analysis is applied in order to determine the most environmentally benign production 
and distribution system for a product which meets the basic human need for nutrition^^.
The objective is to develop a key indicator for sustainability and to identify ‘best praetice’ in the 
process of developing sustainable systems of production and distribution. Because all o f  the options 
fo r meeting a particular need are evaluated, this approaeh is similar to the concept of Best 
Practicable Environmental Option (BPEG), as discussed in section 2.11.1. Means/end analysis 
follows all of the steps outlined in the BPEG procedure, including considering the ‘non-transport’ 
options. Each option is evaluated quantitatively in terms of its thermodynamic throughput as shown 
in Figure 3.1. First o f all the energy consumption and air emissions are determined by calculating 
the fiiel consumption and exhaust emissions for each transport stage (module) in the transport life 
cycle of the product. The sum of these modules constitutes the total-system energy consumption 
and air pollution for each transport life cycle. In terms of the hypotheses the aim is to determine 
which transport life cycles have the maximum and which have the minimum throughput of energy 
and matter. The system which has the minimum throughput of energy - matter will be the one which 
most closely approaches the criteria for strong sustainability
3.3 Methodology
In the previous chapter the analysis techniques which have been developed to analyse food 
production and distribution from an environmental perspective were described (in section 2.11) and 
the concept of means/end analysis was introduced (in section 2.11.1).
The purpose of a study can influence the system boundary, the data collection, the scope of the 
study and ultimately the results and conclusions. Therefore, in this thesis it is not only the results 
and eonclusions which may emerge, based on the environmental impacts of the transport systems 
concerned, but also the effectiveness of this particular approach (means/end analysis) for 
environmental assessments, which is being evaluated.
With this in mind the following methodological issues are of importanee:
L The analysis focuses on a human need
The food system exists to provide for human nutritional needs^^ (Kooijman, 1994). The ‘need’ or 
‘end’ in this instance is the delivery o f  a kilogram o f any variety o f  dessert apples to the home o f
Nutrition is a basic need for human survival. However, owing to global sourcing certain fresh (unprocessed) food 
products are now readily available which are not or can not be grown in Britain. Whether or not these products can 
be described as a human need will not be discussed here. The important point is that these products were not 
looked at in this study and dessert apples were, because the latter can be, and are, grown locally (at the two 
locations chosen) as well as being grown commercially in Britain and imported. Testing the hypothesis of this 
study required that the product could be sourced in all three ways.
^  ‘Strong’ sustainability is defined in Appendix 1.4.
^  Examples of not looking at human needs include many LCA studies which have assessed the packaging of food 
and drink. As discussed in the previous chapter - packaging is not a human ‘need’ but has become a requirement in 
certain systems of production and distribution.
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the consumer^^. This is the functional unit to which all transport-related environmental impacts are 
ascribed.
II. The importance of considering all of the options for meeting this need
Apples, like most other fresh food products, can now be sourced, distributed and marketed in 
numerous ways, as shown in the previous chapter and described in detail in sections 3.5 to 3.9. 
Therefore, there are many ‘means’ to achieve the same ‘end’. This situation enables this analysis to 
be comprehensive by looking at all of the possibilities and ensures that no option is overlooked. For 
example, local sourcing and homegrown apples are considered so that the alternatives to the 
predominant systems of distribution and marketing can be assessed. The abihty to grow apples at 
the two locations and the option of Britain becoming self-sufficient in this product was essential to 
the study. The feasibility of local sourcing and national self-sufficiency in dessert apples is 
dependent upon year-round availability, storage techniques and land availability, which correspond 
to the physical constraints in the BPEO approach and are discussed in Chapter 4
III. Geographical boundaries
The issue of assigning geographical boundaries in an environmental assessment was introduced in 
section 2.11 of the previous chapter. In terms of the purpose of this study the most appropriate 
boundary is that of geographically restricted consumption, which allows the assessment of all 
options for apple production, distribution and waste management (for each marketing system), 
which are outside the defined area in which the consumption takes place, as shown in Figures 3.2 
and 3.3. The reference point is, therefore, the consumer, as being the main reason for the existence 
of any food product and its packaging (Kooijman, 1993). The common denominator, in all of the 
systems which are analysed, is the consumer and the variables are the routes by which the product 
in question reaches the consumers’ household (as shown in Figure 3.4). Figure 3.4 represents all 
transport stages in the alternative transport life cycles of an apple from a spatial perspective. In this 
diagram the location of consumption - the household of the consumer - is deliberately placed at the 
centre. This is because it is the consumer at each of the two locations who decides whether to 
cultivate the product or to purchase it and in the case of the latter where and when the purchase is 
made, how the product reaches the household (the mode of transport for shopping or home 
delivery) and what happens to any waste. The basis of the calculations for the alternative transport 
options after the point of sale - the shopping and waste management stages - is in terms of 
individual consumer behaviour at each of the two locations. In this way a representative range of 
values can be obtained which reflect shopping habits and waste management practice. ‘Real life’ 
examples of consumer behaviour at each of thç t\Yp |ppatipns pre based on a questionnaire which 
was completed by a sample of shoppers at each of the retail outlets in Denbigh and Brixton (as 
described in section 3.8).
The innermost circle in Figure 3.4 corresponds to the local area or region which includes retail 
outlets and the households which fall into their catchment area^ .^ This size of this defined area 
depends on the maximum shopping trip distance and represents the geographical boundary o f this 
study as shown in Figures 3.2 and 3.3. The landfill site to which any waste product is transported 
may or may not lie within this geographical boundary (Figure 3.2) depending on its location relative 
to the maximum shopping distance within the catchment area.
It is the food product itself which is the focus of this analysis, in contrast to many other analyses of the food system 
which have concentrated on components (or sub-systems) of the whole life cycle of food products, for example 
those which have looked at the packaging sub-systems or agricultural production in isolation.
The availability of apples in Britain is covered in Appendix 1.2.
The catchment area of a supermarket was discussed in chapter 2 and is defined as a 20-minute isochrone around 
the supermarket site. Within this area, people can drive to the supermarket in less than 20 minutes.
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By considering the location where the product is consumed, the distances between the source of the 
product, the distribution centre and the retail outlet can be calculated accurately instead of using 
national averages. ‘Real life’ variables can also be considered for each transport stage which reflect 
consumer behaviour. Examples include the distance and vehicle-type used for shopping trips and 
the fi*action of the fimctional unit which is composted or taken to landfill. These are the factors that 
influence the environmental impact of their respective transport stages. In this way a range of values 
can be provided for each stage based on the maximum, average and minimum environmental 
impact^^. The other benefit of a study which is location-specific to consumption is the ability to look 
at the practicalities concerning a modal shift for the various transport stages, such as a move to rail 
fi'eight-distribution.
fv. System boundary
In Appendix 1.1 and section 2.11 examples were provided to demonstrate the importance of 
transport (and physical and spatial scale) on the total environmental impacts of production, 
distribution, marketing and waste management systems. In this analysis the food system is assessed 
fi*om a spatial perspective and it is transport intensity which is considered^"*. Thus the packaging and 
agricultural subsystems are not analysed (Figure 3.5). This means that each transport step in the 
various transport life cycles for dessert apples is isolated, treated as a module and the environmental 
impact determined on the basis of the fimctional unit (1 kilogram of apples). This modular approach 
improves transparency in terms of the calculations involved (see Appendix 3.6) and enables 
comparisons between individual transport stages as well as the transport life cycles which they 
form. The environmental burdens associated with each transport life cycle are then compared to the 
environmental burdens of commercial apple cultivation and packaging, which have been determined 
by Stadig (1997).
3.4 Data collection and evaluation of the results
As it is transport alone which is being assessed then data collection can be simplified because the 
results can be evaluated (and compared) on the basis of six key indicators'^. This is because all the 
transport modes considered are motorised and (directly) consume only one energy source, a 
derivative of crude oil (either diesel, fiiel oil or petrol)^^. The evaluation of the environmental 
impacts of each transport stage and life cycle is, therefore, based on two aspects:
1. the use of raw materials, in this instance the energy consumption based on fuels which are 
derived fi’om crude oil;
2. pollution of the environment by emissions of carbon dioxide (CO2); carbon monoxide (CO); 
hydrocarbons (HC); oxides of nitrogen (NOx); and particulate matter (PM) as a result of the 
combustion of the fuel in (1).
For example, the range of environmental impacts for the shopping stage was calculated by determining the length 
of the journey and the car type in a sample survey at each retail outlet (which is described in section 3.8).
The scope of this analysis in terms of transport and the environmental impacts of transport infrastructure and 
vehicle manufacture, use, maintenance and waste management is described in Figure 3.6 and Appendix 3.6. It is 
the direct energy consumption (associated with the fuel consumption) of each vehicle journey (as well as the 
production and delivery of the fuel) that is considered.
In a life cycle analysis, data is often collected for (and evaluation of the results based on) over 50 indicators 
including - resources consumed, air and water emissions and solid wastes as outlined in Appendix 2.8. See for 
example Mekel et al. (1990) which looked at different packaging systems for milk.
The factors considered are those related to the direct energy consumption and emissions only. The indirect 
environmental impacts associated with vehicle construction and infrastructure are not covered. Further information 
on the scope of the study is given in Appendix 3.6.
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For each transport stage (or module) the amount of fuel consumed is converted into a standard unit 
of energy consumption (Joules) and quantity of air emissions (grammes). The results are presented 
in terms of air pollutants and energy consumption per kilogram of product (grammes of a particular 
pollutant per kilogram of apples and megajoules (MJ) of energy per kilogram of apples). The 
procedure for converting the data collected for the empirical analysis into these standard units is 
explained in Appendices 3.4 and 3.6 together with the reasons for choosing the data sources for 
each mode of transport.
The energy consumption and emissions for each stage were calculated and entered into a 
spreadsheet package, which was required because of the number of systems which were being 
analysed. This method of manual calculation and data storage on a spreadsheet was necessary 
because there were separate data sources for each transport mode (i.e. for trucks, international 
shipping, car and rail) and the calculations and conversions were often complex. Nevertheless this 
approach was preferred to the use of a computer-based environmental management system (EMS) 
because of the lack of transparency in such systems and also because calculations based on manual 
calculations and using an EMS showed the latter to be both inaccurate and inconsistent and 
unsuitable for this particular study^’.
3.5 The transport and distribution systems for dessert apples
The life cycle of a food product and its packaging is shown in Figure 3.7 which represents the 
process and transport stages for any fresh fruit and vegetable product as it moves from the farm 
where it was cultivated to consumption and eventually waste management of any packaging and 
waste or uneaten product. Figure 3.8 provides a modular representation of all of the possibilities for 
each stage in the life cycle of a fresh product, and Figure 3.9 shows two possible transport life 
cycles for the delivery of dessert apples to consumers in Brixton and Denbigh. In Figure 3.9 the first 
example (i) is the case in which the product is imported, distributed by a multiple retailer via a 
regional distribution centre (RDC) to a TESCO store in Brixton, shopping is by car, and any waste 
product ends up in a landfill site. The second example (ii) describes the case where the apples are 
grown in a local orchard or allotment, transported to the household by car and any waste product 
composted there. It should be noted that these two possibilities are equally applicable in both 
locations.
The delivery of an apple to a consumer can involve up to seven transport stages, condensed to six 
in this study as the two transport steps involved in waste management are represented as one 
module. On the other hand, it could involve none if the apples are homegrown. This multiplicity 
leads to the purpose of this study - in the form of means/end analysis - which is to quantify the 
environmental impact all of the possible options.
The transport stages involved in all the alternative life cycles of a dessert apple are set out in 
Appendix 3.3 which shows that there are in all 30 possible systems, or transport life cycles, at each 
of the two locations. These are variations of nine ‘key’ systems which are summarised in Figure 
3.10. The main distinctions (key variables) are: sourcing, distribution, shopping and waste 
management. Apples are sourced in a number of ways: either imported, grown in Britain or grown 
locally. Distribution systems in Britain are dictated by the three marketing options: a multiple retail 
outlet in which case a regional distribution centre (RDC) is the intermediary; in the case of an 
independent greengrocer, outdoor market or small local shop, the fresh produce is distributed via a 
traditional wholesale market; in the case of a box scheme, or direct marketing in the form of home 
delivery or a farm shop, there may be a sorting depot or no intermediary stage. There is also the 
option of shopping by car, public transport or by non-motorised transport (i.e. on foot or by
The PEMS (1994) Life Cycle Analysis computer package is assessed in Appendix 3.6.
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bicycle). Finally for the waste management stage there are two options for the treatment of food 
waste at the two locations: home composting, or collection and movement to a landfill site.
The modular diagram, shown in Figure 3.10, is a representation of the nine key transport life cycles:
1 * imported / distributed via a RDC / sold in a supermarket
5 imported / distributed via a traditional wholesale market / sold in a greengrocers
9 British grown / distributed via a RDC / sold in a supermarket
13 British grown / distributed via a traditional wholesale market / sold in a greengrocers
17 British grown / distributed via a box scheme
19 locally sourced / sold in a greengrocers
23 locally sourced / distributed via a box scheme
25 locally sourced / farm shop, market garden, community orchard or allotment
29 home grown
The number (* ) corresponds to the system identification numbers in Appendix 3.3 and Figure 3.10 
which are consistent throughout the study.
Figure 3.10 shows the maximum number of transport stages for each of the nine key systems. This 
will not always be the case as there are four possible permutations for each of the nine key systems, 
based on the choices made by the consumer, ‘down-stream’ of the point of sale. These are shown in 
Figure 3.11, with the motorised stages that are quantified in this analysis shown in boxes.
The relationship between the retail outlet, the source of the apples and the maximum and minimum 
number of motorised transport stages is shown in Figure 3.12, which illustrates an increase in the 
number of transport stages as the distance between production and consumption increases.
3.6 The retail structure in the two locations and their distribution systems
The retail outlet in which the apples are marketed dictates to a greater extent than any other factor 
the path by which this product reaches the consumer, in terms of the source and the distribution 
system in Britain. The marketing system also influences shopping patterns through the size and 
location of the retail outlet. Figure 3.13 provides a list of the retail outlets together with the option 
of a box scheme in the form of a home delivery or ‘pick-up’ scheme in Denbigh and Brixton. For 
each location an example of each type of outlet is considered (Figure 3.14).
In 1993 in Denbigh there were three national multiple retailers which are served by regional 
distribution centres for their fi*esh produce^^. The largest and most recent is a Somerfield 
supermarket which receives its fi*esh produce from St. Helens, Merseyside. There is also a medium 
sized town centre Co-op store and also a Kwik-Save store on the edge of the town. The two 
greengrocers and the outdoor market trader make daily trips to the wholesale market in Liverpool. 
Safeway, another multiple retailer, has recently applied for and received planning permission to 
build a store in Denbigh.
Brixton has one large superstore, Tesco, which receives fi*esh produce fi*om a Regional Distribution 
Centre (RDC) at Snodland in Kent. There is also a medium sized Iceland store situated on Brixton 
Road in the centre of Brixton, supplied with Jfresh produce fi*om an RDC at Luton. The thriving 
outdoor market in Brixton has numerous finit and vegetable stalls. The market traders, along with 
the local shops and mini markets, make the journey to the wholesale markets at New Covent
The data was collected in 1993 and, therefore, the retail structure is described for this year and is updated in 
Chapter 4.
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Garden or Hackney for their fresh produce. There is also an organic home delivery service which 
provides boxes of fruit and vegetables. The distribution centre from which fresh produce arrives at 
each of the retail outlets is shown in Figure 3.15.
There are several other ways in which fresh apples can be produced and distributed other than by 
the marketing systems described above:
i. Home grown in gardens or allotments, with surplus distributed within the community or sold 
through a local grocer.
ii. Produce grown locally in market gardens and marketed in local greengrocers, markets, farm 
shops and through vegetable and fruit box schemes or home delivery schemes.
iii. Consumer groups which buy in bulk from farmers and growers and divide up the produce 
amongst their members (often in the form of a vegbox scheme).
iv. Community supported agriculture or local growers’ co-operatives.
These are all local production and distribution systems. In Denbigh there is an organic market 
gardener. Kit Deer, who provides a home delivery service (ii) and in Brixton there is a community 
apple orchard which operates as in (i). Rowlands’, a high street greengrocer in Denbigh has a 
market garden just outside the town which supplies a fraction of his fresh produce (i). At both 
locations several examples were found in which apples grown in gardens and allotments were 
collected and either stored or distributed amongst friends and neighbours (i). There were no 
community-supported agriculture schemes in operation at either location.
Examples of each of these marketing/distribution systems that are analysed in this study, which 
correspond to the key system breakdown in Figure 3.10, are shown in Figure 3.14. In Denbigh 
there was no option for systems 17 and 18 (see Appendix 3.3) which is that of UK-sourced apples 
distributed via a box scheme including home deliveiy. Similarly in Brixton systems 1 9 -2 2  and 23 - 
24 were not available; these are locally sourced apples marketed via a greengrocer and locally 
sourced apples distributed through a box scheme, respectively. Therefore in Denbigh 28 systems 
were analysed and in Brixton 24 systems were assessed.
3.7 Procedure
The transport intensity of each transport life cycle, that is the total distance covered between farm 
gate and waste management, or the spatial distribution of each option, provides an indicator as to 
the total environmental impact of each transport system. However, the total environmental impact 
of each transport life cycle for dessert apples is a function of the cumulative environmental impact 
of all (motorised) transport stages. Therefore, the source of the product, the type of distribution 
system, the means of shopping and the way in which any waste is treated are all important factors.
Each individual stage is analysed separately, and treated as a ‘module’. A modular approach 
facilitates the analysis as each stage difters greatly from the next. For example a stage involving the 
shipment of 70,000 tonnes of apples 11,000 kilometres from New Zealand may be followed by a 
truck journey of only 40 kilometres. Figure 3.16 shows the mode of transport for each transport 
stage. Maximum, average and minimum values are calculated for each transport stage^^ (module) 
and also each transport lifecycle so that in total 84 systems are analysed in Denbigh and 72 systems 
in Brixton.
In the micro analysis, the results are presented in terms of air pollutants and energy consumption 
per kilogram of product (grammes of a particular air emission/kilogram of apples and MJ/ kilogram 
of apples). The criteria which are included in the assessment are as follows: the energy
As described in section 3.8.
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consumption; emissions of carbon dioxide (CO2); carbon monoxide (CO); hydrocarbons (HC); 
oxides of nitrogen (NOx); and particulate matter (PM). In this way an inventory for each transport 
stage and life cycle is compiled in terms of energy consumption and these air emissions.
In the calculations to determine the energy consumption and air emissions of each transport stage 
the information required and the procedure that is followed depends on the data source^ **. For 
example the units for international shipping provided by Eriksson (1995) are megajoules per tonne- 
kilometre (MJ/tonne-km) and in this case the only information required is the distance in order to 
convert to the functional unit (MJ/küogram of apples). The data source for car and truck travel 
(Cover, 1994) was provided in units of millilitres (of fiiel consumed) per kilometre so that in this 
instance the distance involved, load fi-action of apples as well as a conversion factor (fi*om litres of 
fuel to energy content, MJ) are required to convert to the functional unit. The conversions involved 
in the analysis are explained m Appendices 3.4 and 3.6.
In all cases the distance of each transport stage was measured and for certain calculations data were 
required on the vehicle type, engine size, total load and the weight fi*action of apples. In 
determining the distances involved, the information that was required included the product source 
and the location of each intermediary stage (i.e. ports, wholesale markets, regional distribution 
centres, the retail outlet and the landfill site) as well as the route between each of these points.
This information was obtained in a number of ways:
1. Initially a questionnaire (Appendix 3.5) was prepared and sent to each multiple retailer, trade 
body** and box scheme co-ordinator. This was followed by phone calls and meetings if 
necessary.
2. In the case of the greengrocers and market traders I visited the stores/stalls and spoke to the 
owner.
3. Information on waste management policy and practice was obtained Jfrom the relevant County or 
Borough Council and the bin wagon manufacturers.
The information that was not available either in the literature or from the retailers or importers was 
estimated in the form of a sample survey of shoppers at each of the retail outlets (Appendix 3.2). 
The data required consisted of:
i. shopping patterns in relation to fresh produce and for dessert apples in particular;
ii. waste management - whether organic waste is composted or collected and taken to landfill;
iii. the average weight of apple leftover and approximations of the percentage of uneaten whole 
apples which are discarded.
3.8 A representative range for each stage
By providing a range of values this reflects all of the options for each stage in the transport life 
cycle of an apple. For example, when imported, the energy consumption of stage 1 depends on the 
region in which the product was grown and the respective distance to the port of departure. The 
other variables for each stage are shown in Figure 3.17. Providing a range of values is the most 
realistic way of representing all of the various possibilities.
^  The data sources are listed in Appendix 3.6.
Trading companies include ENZA for New Zealand apples, CAPE for South African and Washington for those 
products from Washington State, USA.
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The total environmental impact of each transport system depends on the environmental impact of 
each stage. The latter is in turn a function of the fuel consumption (and emissions) which is 
influenced by:
i. the vehicle;
ii. the distance; and
iii. the load.
It is these three factors which determine the energy consumption of each stage, and variations in 
these parameters which give rise to the range of values. Figure 3.18 shows which parameters are 
variable (v) and which are constant (c) for each stage. The minimum, average and maximum values 
for each stage are, therefore, determined by variations in either the distance or load of each 
transport segment. The range of values for each transport step is discussed in the following 
sections.
823.8.1 Imported produce (stages 1,2 and 3)
When determining the maximum, minimum and average for these three stages, up to the respective 
distribution centre in Britain, it is important not to ‘mix’ systems. By this I mean that the maximum 
value (based on the distance) for stage 1 {to port) may be in France or America. However, the 
largest energy consumer for the stage 2 {to Britain), because of the distance involved, is 
represented by imports fi’om New Zealand. It is not feasible though to combine these different 
systems when determining the maximum possible energy consumption for a particular system. It is 
necessary to look at the combined value of the stages to p o r t, to Britain and to distribution centre 
to assess which is the largest. The same applies for the minimum and average values.
The source and routes which represent the maximum, average and minimum distances involved for 
imported produce are summarised in Figure 3.19. As mentioned above these values are determined 
by combining the stages ‘to port’ , ‘to Britain’ and ‘to distribution centre’. It is these 
‘representative’ transport systems which are used in the micro analysis. As outlined in Figure 3.18 
the variable is the distance, as the load for both truck stages (1 and 3) is assumed to be constant at 
20 tonnes. An inventory for imported produce is provided in Figure 1.9.
3.8.2 British produce
Figure 1.2.3 in Appendix 1.2 shows the regions in which apples are grown commercially in Britain. 
The truck load rate is assumed to be constant at 20 tonnes and the range of values used is based on 
the minimum, average and maximum distances which depend on the relative location of distribution 
centre and source region (Figure 3.20). These distances are determined by measuring fl"om the 
centre o f the region of production to the distribution point in question (Figure 3.21).
3.8.3 Distribution to retail outlets
Fresh apples are transported to superstores by a heavy goods vehicle (HGV) whereas market 
traders, greengrocers and box schemes use a light goods vehicle (LGV). The distances between the 
distribution centres and retail outlets is shown in Figure 3.22. The multiple retailers (i.e. the 
Somerfield and Tesco stores) receive a separate delivery of fi*esh produce each day fi'om their 
RDC’s. The quantity of apples and indeed of all fi*esh produce delivered to each of the retail outlets 
varies not only each week or season but on a daily basis. To determine the energy consumption on a 
per-kilogram basis the first step is to estimate the maximum, average and mdiiimum daily delivery of
See Figure 3.10.
100
apples. This information was obtained from each of the marketing systems which are assessed 
(Appendix 3.5). Apples constituted 8.14 per cent of all fresh-fruit and -vegetable purchases in 1993 
(HFS, 1994). It is assumed that apples constitute 8.14 per cent (by mass) of the total (maximum, 
average and minimum) daily delivery of fresh produce to each retailing outlet. As the distance is 
constant the variable in this case is the mass fraction of apples in terms of each truck load. The 
energy consumption per kilogram of apples (MJ/kilogram of apples) is determined in the following 
way:
i. the energy consumption for each return vehicle journey from distribution centre to retail outlet;
ii. multiply (i) by the mass fraction of apples for this transport stage (i.e. kg apples/total load in 
kilograms), and then divide by the quantity of apples (kg).
3.8.4 Shopping and Home Delivery
The movement of apples to the home is represented by stage 5. The transport options that are 
considered are shopping trips to a retail outlet and home delivery* .^ In the case of a shopping trip, 
the following information is required:
1. the quantity of apples being moved and the total amount of shopping;
2. the mode of transport; and
3. the distance of the shopping trip.
There are many options and permutations for this stage based on the three variables above. If  
shopping is carried out on foot, the direct energy consumption is zero. However, of all shopping 
trips in 1991/93, 73% were by car. Shopping by car is the most energy intensive option, with the 
energy consumption increasing with engine capacity (Figure 2.2). It is shopping trips by car that are 
analysed, with the environmental benefits of shopping in a smaller car, on foot or by public 
transport discussed in Sections 4.8.1 and 4.8.3. Due to the relative location of household and the 
nearest store, walking and cycling will be impracticable in many instances (particularly in Denbigh). 
Therefore, travelling by bus and home delivery are considered as the alternatives.
In order to provide a representative range for each marketing option and to calculate the maximum, 
average and minimum values of shopping trips by car a customer survey was conducted outside 
each retail outlet. The results of this survey are then compared to the average national shopping trip 
distance (DoT, 1994), a survey of shopping patterns for fresh produce in Hastings (Nichol and 
Kong, 1998) and the general trends in retailing and shopping patterns that are discussed in Section 
2.9.3.
The information required when determining the environmental impacts associated with shopping 
patterns can be obtained by asking only two questions:
i. the mode of transport; and
ii. the distance of the shopping trip.
This allowed the survey to be uncomplicated and completed in a very short time. It was hoped that 
when this was explained to the customers, they would be more willing to respond. An additional 
question relating to the average number of shopping trips per week allows a comparison between 
different retail outlets and national travel statistics.
^  The procedure for calcualting the energy consumption of home deliveries is described in section 3.8.4.4.
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The survey was conducted in Denbigh and Brixton in July 1994. In all instances customers were 
questioned between 1 lam and 4pm on a week day. A small ‘convenience sample’ of 50 customers 
at each retail outlet (N=50) was used to indicate shopping patterns. The results of the survey are 
indicative but not comprehensive or statistically representative due to the small sample size. The 
owner/manager of each retail outlet was contacted either in writing or in person. All of the retailers 
apart from the supermarkets were willing to co-operate and provide any information that was 
requested. The multiple retailers did not allow customers to be questioned inside or outside the 
store. In the case of the supermarkets, the survey was therefore conducted at the main entrance to 
each outlet. On leaving the store, car drivers are required to stop at the car park exit. This provided 
the opportunity for customers leaving the supermarket site to be interviewed.
The aim of the survey was not to determine the probability of a shopping trip of a particular 
distance in a particular car at a certain retail outlet, but to estimate the maximum, average and 
minimum environmental impacts of shopping trips by car at each retail outlet. The maximum, 
minimum and average energy consumption values for shopping by car are calculated by a 
combination of the type of car (large, medium or small), the fiiel type (petrol or diesel, with diesel 
being the more energy efficient) and the distance of the shopping trip*"*:
i. maximum value - large petrol car covering the greatest shopping trip distance;
ii. average value - medium petrol car covering the average shopping trip distance; and
iii. minimum value - small diesel car covering the minimum shopping trip distance.
Additionally the range of air emissions is reflected in that the vehicle in (ii) is fitted with a catalytic 
converter and not in (i).
3.8.4.1 The quantity of apples being moved and the total amount of shopping
As the fimctional unit is 1 kilogram, it is assumed that 1 kilogram of apples is purchased. The 
allocation is based on the mass fraction of apples. The product being analysed may be purchased 
separately, in which case a ‘special’ journey is made solely for this purpose. For example, if a 
kilogram of apples is purchased in a shopping trip of 5 kilometres by car, then all of the energy 
consumed in this journey is allocated to the apples. Alternatively, apples may constitute a small 
fraction, by weight or volume, of a weekly shopping trip.
The quantity by weight used to represent a balance between these two extremes is based on average 
weekly purchases of apples as a fraction of all fresh-fimit and -vegetable purchases, obtained from 
the National Food Survey (HFS, 1994). In 1993 6.10 ounces of apples were purchased per person 
per week, which constituted 8.14 per cent of all fresh fi*uit and vegetable purchases. Therefore, for 
each shopping trip in which apples are purchased, the energy allocated to the apple fraction is eight 
per cent of the total energy consumption*^
^  The data source for the fuel consumption and air emissions for a large petrol car, medium petrol car and small 
diesel car is Gover (1994). This data is shown in Figure 3.6.6 in Appendix 3.6. Cover also provides a breakdown 
for rural, urban and motorway conditions. In Brixton it is assumed that the whole journey is carried out in urban 
condition and in Denbigh the car journey consists of 2km in urban conditions (1km each way) and the remainder in 
rural conditions. Customers were asked the location of their household. The distance to the store was then based on 
the most direct route.
^  A survey of shopping patterns for fresh produce in Hastings found that in a typical shopping trip (ranging from a 
total weight of 10.61kg to 21.21kg) the mass fraction of (1 kilogram) apples was between 4.7% - 9.4%, depending 
on the household type. The average apple mass fraction in shopping trips for the four household types analysed was 
7.1% (Nichol and Kong, 1998).
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3.8.4.2 The mode of transport
There are several possibilities for the movement of apples to the household o f the consumer. These 
are a shopping trip by:
i. car;
ii. bicycle or on foot; and
iii. public transport e.g. bus, tram or train.
As stated earlier, data are collected for i., with the environmental benefits of ii. and iii. discussed in 
Section 4.8. The results of the survey for shopping by car are shown in Figure 3.23. In Denbigh 
approximately half of the customers visiting the independent greengrocers arrive by car, 18% arrive 
by bus and the remainder shop on foot or by bike. Almost four-fifi;hs of the Somerfield customers 
carry out their shopping by car with 10% arriving by bus and 12% walking or cycling to the store.
In Brixton over two-thirds of customers drive to Tesco’s, 16% use public transport and 16% walk 
or cycle to the store. Just over a fifth of the customers visiting greengrocers at the street market 
arrive by car, 32% use public transport and almost half arrive on foot or by bicycle. Based on the 
sample survey, three times more customers use a car when shopping for fi*esh produce at the Tesco 
store than at the street market.
In the National Travel Survey, of all shopping trips over a mile in 1991/93, the modal split was 73% 
by car, 17% by public transport and 9% on foot or by bicycle (DoT, 1994; Figure 2.34(ii)). Only in 
the case of the Somerfield store in Denbigh is this national average car modal split for shopping 
exceeded. As discussed in Section 2.9.3, in previous studies the car modal split has been 
consistently higher for supermarkets, particularly edge- and out-of-town stores, compared to 
independent town-centre shops, small local retail outlets and street markets.
Nationally there was an average of 2 shopping trips by car per person per week in 1991/93 and 2.78 
shopping journeys per person per week by all modes of transport. The results of the sample survey 
show that the number of shopping journeys per week to each retail outlet ranges fi'om 1.8 to 2.9. 
Customers interviewed at the street market in Brixton indicated that on average they visit the 
market almost three times each week. This could be because 78% do not arrive by car and, 
therefore, the quantity purchased is limited to the amount that can be carried by hand. However, 
many people also stated that they enjoyed meeting friends at the market or in the nearby cafés.
3.8.4.3 Shopping trip distance
The distances covered when shopping by car at the retail outlets in the two locations are based on 
the results of the sample survey (Figure 3.23). The maximum shopping trip distance by car to 
supermarkets could have been based on the concept of the 20 minute isochrone*^ and the average 
shopping trip distance based on the National Travel Survey (DoT, 1994). Using a 20-minute 
isochrone the multiple retailers estimate that customers will travel up to 35 kilometres by car to 
their stores (a return journey of 70 kilometres) and in 1991/93 the average shopping trip distance by 
car was 9.27 kilometres or 5.76 miles (Figure 2.34(ii); DoT, 1994). Shopping trips o f 35 kilometres 
in 20 minutes requires an average speed of 105 kilometres/hour (65 miles/hour) which is unfeasible 
in both Denbigh and Brixton*^
^  See section 2.9.3.
^  This is due to speed limits of between 40 and 60 miles per hour on the majority of the routes to the stores in both 
Denbigh and Brixton. Traffic flow rates, congestion, terrain, and secondary (b) roads are also factors which reduce 
speed and, therefore, the distance travelled in 20 minutes. For average speeds of 55, 45 and 35 miles per hour the 
maximum distance that can be covered in 20 minutes is 29,24 and 19 kilometres, respectively (Figure 2.43).
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For this reason it was decided not to use the concept of the 20-minute isochrone and therefore a 
maximum shopping trip distance of 70km. Also, the concept is applied only to large supermarkets 
(Hamer, 1993). The importance o f location specific data has been emphasised throughout this 
dissertation and a sample survey allows data to be gathered that are not only specific to Denbigh 
and Brixton but also specific to each retail outlet.
In Brixton the retail density is high and the distance between households and the nearest store can 
be expected to be lower than in a rural location. Denbigh is a small town that attracts shoppers fi'om 
the surrounding area. For example, if the residents of farms and villages wish to shop at a 
supermarket, then in many situations the nearest stores will be those in Denbigh. Based on a survey 
of retail outlets in the County, the supermarkets in Denbigh are the most proximate for households 
up to 16km firom the town (a return journey of 32km). It was decided not to use this figure in the 
analysis, but instead to use the maximum shopping trip distance obtained fi'om customers surveyed 
at the Somerfield store (20km return).
In 1991/93 the average shopping trip distance by car was 9.27 kilometres (Figure 2.34(ii)). The 
survey carried out at the retail outlets in Denbigh and Brixton shows that this distance is exceeded 
in only one instance: the maximum distance of 20 kilometres for a customer arriving at the 
Somerfield store in Denbigh.
3.8.4.4 Home Delivery
In both Denbigh and Brixton, the produce is distributed fi'om a single depot. The following 
information was obtained fi'om the operators of the box schemes:
i. the vehicle used to distribute the box schemes to households;
iii. the total distance travelled in each distribution trip; and
iv. the mass fraction of a kilogram of apples.
In both locations a light goods vehicle is used in a round trip of 10km. The variable used to obtain a 
range o f values is the total truck load. The mass fraction of a kilogram of apples is dependent on 
this load. In Denbigh, the maximum, average and minimum truck load is 333kg, 200kg and 100kg 
and in Brixton 400kg, 303kg and 200kg, respectively.
3.8.5 Waste management
The two waste management options for any uneaten apples (or uneaten fraction) are: to be 
composted at home or taken to landfill. In the case of the latter, domestic waste is collected by a bin 
wagon and taken to a transfer station from where skips are then transported to a landfill site. The 
bin wagon has a capacity of 4 tonnes and the skips a capacity of 10 tonnes.
Again, as the distances to landfill are constant, the variable is the weight fraction of the fimctional 
unit (a kilogram of apples purchased) which is leftover and is discarded, as shown in Figure 3.18. 
The maximum value is for the situation in which all the apples which are purchased (a kilogram) are 
not consumed and become waste. The average and minimum values relate to a leftover portion of 
0.33 kilograms and 0.1 kilograms, respectively, based on the survey in Appendix 3.2.
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3.9 Macro analysis
In any analysis the scale effects are significant. This is due to the way in which the energy 
consumption is calculated for each transport stage. In the micro analysis, the functional unit is a 
kilogram of apples and the total energy consumption for each stage is divided by the mass of 
product (in kilograms) being transported. Therefore, for those stages in which a large amount of 
product is being transported the energy consumption per kilogram of product will be low. This has 
the effect of appearing to reduce the impacts of those stages which have large loads, such as 
transport by ship or articulated truck. These same transport systems are also be analysed fi'om a 
macro perspective which will highlight those areas which may seem insignificant fi'om a micro 
perspective.
The second way in which the results are interpreted fi'om macro perspective, is in terms of the total 
annual environmental burden of the present transport and distribution systems associated with UK 
dessert apples imports. This is a macro analysis in which the cumulative transportation involved in 
the first two stages - to port of departure by truck and to Britain by ship - associated with all apples 
imported, is determined. Information is required on the total quantity imported fi'om each source 
country in a year to determine the annual environmental impacts o f  apple imports in terms of 
energy consumption and air emissions.
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Figure 3.1 The thermodynamic throughput associated with the transport life cycle of a 
product (with the second example showing how the ‘direct’ thermodynamic 
throughput of transportation is determined in this analysis).
LOW ENTROPY
ENERGY AND -----►
RESOURCES
HIGH ENTROPY
-----►  WASTE AND
POLLUTION
TRANSPORT LIFE CYCLE
EUEL -----► TRANSPORT LIEE CYCLE -----^  AIR EMISSIONS
Figure 3.2 The possibilities for geographic delimitation in environmental analyses
Geographically Restricted ProductionGeographically Restricted Consumption
RAW MATERIALPRODUCTION
RAW MATERIALPRODUCTION RAW MATERIAL
PRODUCTION
PRODUCTIONUSE / CONSUME
DISPOSAL
USE AND DISPOSALUSE AND DISPOSAL
DISPOSAL USE AND DISPOSAL
; - Geographic Boundary
Based on Tillman (1993).
Figure 3.3 The System Boundary is Geographically Restricted to Consumption: an example 
of location specific analysis in Denbigh
WASTE to LANDFILLFRESH PRODUCTS to the CONSUMERS
DENBIGHI
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Figure 3.4 A breakdown of the transport options from a spatial perspective.
Local \ Regional \ National \ Global
KEY
CZI Source of Apples: orchard or individual trees. The letter in this box refers to all of the
possible transport systems. These are:
Q  Imported produce which is distributed to a greengrocer, box scheme or supermarket. These 
systems involve up to six transport stages.
IbI British produce which is distributed to a greengrocer, box scheme or supermarket These systems 
involve up to four transport stages.
fcj Local produce which is distributed to a greengrocer, farmers’ market box scheme or supermarket 
These systems involve up to three transport stages.
0  Local produce which is distributed directly to the household of the consumer. These systems 
involve up to two transport stages.
0
★
☆
Household food production involves a maximum of one transport stage. 
Household
Retail outlet: superstore or greengrocer or Depot in case of box scheme 
Port
Distribution centre: Traditional Wholesale or RDC 
Landfill site
" Transport stage requiring fossil fuel 
" As above, to landfill
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Figure 3.5 A breakdown of the transport, packaging and agricultural subsystems and the 
system boundary in this study
TRANSPORT
TRANSPORT
TRANSPORT
TRANSPORT
TRANSPORT
TRANSPORT
DISTRIBUTION
Transport Stages
Process Stages SHOPPING
COLLECTION
RAW MATERIALS
RETAIL
RAW MATERIALS
PACKAGING
AGRICULTURE
SUPPLY INDUSTRIES
WHOLESALE/RDC
SUPPLY INDUSTRIES
WASTE MANAGEMENT
STORAGE & PREPERAITON
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Figure 3.6 The scope of this study
^  Vehicle ^  
Waste Managemgt
Vehicle
Maintenance
Production and 
Delivery of Fuel Vehicle Use
Vehicle
Construction
Scope of the Study
Infrastructure 
Waste Management
I
Infrastructure
Construction^
Figure 3.7 The transport stages in the life cycle of a fresh product
Transport Stages
Agriculture and 
Packaging
International
Transport
Wholesale / 
RDC
iJ L .
Retail
Distribution
: Storage, Preparation 
: and Consumption
Shopping
■ Process Stages
Waste Management
Collection / Return
Figure 3.8 A modular representation of the key variables/options for each step in the life­
cycle of a fresh product
Grooving Packaging
Market Sorted
Garden
Intensive Boxed
Organic Loose
Home Paekaged
groivn in Packs
Collection / Waste
Shopping Home Return Management
Imported RDC Mini Market
Britain Traditional
Wholesale
Local Shop
Local Direct to 
Consumer
Superstore
Market Trader
Home Delivery 
.g. Box Scheme
KEY RDC - Regional Distribution Centre
MRF - Materials Reclamation Facility
Pedestrian Storage
Cycle Cook
Public Separate
Private Compost
Collection
Return
Consumption
MRF
Energy
Recovery
Recyele
Reuse
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Figure 3.9 Examples of the transport life cycle of fresh apples*
CARTRUCK
CAR
TRUCKTRUCKTRUCK BIN WAGON
ii. Apples grown in an Allotment in Denbigh. Transported Home by Car and Composted.
i ALLOTMENT CONSUMPTION ;— ; COMPOSTED
i. Apples Imported and then Distributed in Britain via a Regional Distribution Centre to a TESCO 
store in Brixton. Shopping by Car and the waste and Leftover transported to Landfill.
: PRODUCTION TESCO CONSUMPTION ; TRANSFER : LANDFILL
*These two examples are based on systems 1 and 25 in Fig. 3.10 and are represented in Appendix 3.3 by systems 1 and 27
Figure 3.10 A breakdown showing the key variables in the transport life cycle of a fresh 
product
LOCALLY SOURCED
LOCALLY SOURCED
LOCALLY SOURCED
LANDFILLHOME GROWN
LANDFILL
LANDFILL
LANDFILL
LANDFILL
LANDFILL
LANDFILL
TO BRITAIN
LANDFILL
TO PORT
TO PORT
GROCERWHOLESALE
HOME
HOME
TO STORETO RDC
TO STORE
GROCER
TO RDC
HOME
TO BRITAIN
HOME
HOME
LANDFILL
HOME
HOME
TO DEPOT HOME
GROCER
WHOLESALE
denotes system number in Appendix 33
*KEY
Marketing: 1 & 9 - Multiple Retailers 5,13 & 19 - Grocer 17 & 23 - Box Scheme 25 - Farm Shop
Source: 1 & 5 - Imported 9,13 &17 - UK Produce 19,23 & 25 - Locally Sourced 29 - Home Grown
Transport stages: 1 - TO PORT
2 - TO BRITAIN
3 - TO DISTRIBUTION CENTRE
4 - TO RETAIL OUTLET
5 - TO HOME (SHOPPING or HOME DELIVERY)
6 - TO LANDFILL
no
Figure 3.11 The four post-retail permutations for the nine key systems in Figure 3.10
STAGE
SHOPPING ON FOOT/BIKE
WASTE COMPOSTED
SHOPPING BY CAR
WASTE TAKEN TO LANDFILL
SHOPPING BY CAR
WASTE TAKEN TO LANDFILL
SHOPPING ON FOOT/BIKE WASTE COMPOSTED
- represents a motorised transport stage
- represents a non-motorised transport stage
Figure 3.12 The relationship between retail outlet, source and number of transport stages
Number of Transport Stages
SYSTEM (Fig. 3.10) SOURCE Maximum Mini
1 Multiple Retailer Global 6 4
5 Grocer / Market Global 6 4
9 Multiple Retailer British 4 2
13 Grocer / Market British 4 2
17 Box Scheme Local / British 3 1
19 Grocer / Market Local 3 1
23 Box Scheme Local 2 0
25 Allotment / Local Orchard Local 2 0
29 Homegrown Homegrown 1 0
Figure 3.13 Retail description at the two locations.
RETAIL OUTLET DESCRIPTION Source of Fresh Produce
D SOMERFIELD large superstore St. Helens
E SPAR Minimarket Liverpool*
N CO-OP Medium, town centre supermarket Barnsley
B ROWLANDS Greengrocer Denbigh and Liverpool*
I DEER Organic home delivery Denbigh
G MARKET Outdoor market on Wednesdays only Liverpool*
H ROBERTS Greengrocer Liverpool*
B
R TESCO large superstore Snodland
Î ICELAND Medium, town centre supermarket Luton
X COST CUTTER Minimarket Hackney or Covent Garden*
T MARKET Outdoor market except Sundays Hackney or Covent Garden*
O LOCAL SHOP Small mixed grocer Hackney or Covent Garden*N . BOX SCHEME Organic Box Scheme Wiltshire
* denotes a wholesale market
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Figure 3.14 The options that will be analysed at the two Locations.
SYSTEM DENBIGH BRIXTON
1 Somerfield Tesco
5 Roberts Street Market
9 Somerfield Tesco
13 Roberts Street Market
17 — - Farm-a-round home delivery
19 Rolands —
23 Deer —
25 Various* Various*
29 Various* Various*
* apples are grown and locally distributed iu both au organised way and informally 
by/to friends, neighbours and family.
Figure 3.15 The fresh produce distribution centre for each retail outlet
Location Retail Outlet Distribution Centre
DENBIGH
SOMERFIELD
CO-OP
ROWLANDS
DEER
MARKET
ROBERTS
St. Helens 
Heywood
Denbigh and Liverpool*
Denbigh
Liverpool*
Liverpool*
BRIXTON
TESCO 
ICELAND 
COST CUTTER 
MARKET 
LOCAL SHOP 
BOX SCHEME
Snodland
Luton
Hackney or Covent Garden* 
Hackney or Covent Garden* 
Hackney or Covent Garden* 
Forest Hill
^Denotes the source beiug a wholesale market
Figure 3.16 Mode of transport for each transport stage
Transport Stage Mode of ( Motorised ) Transport
TO PORT Large Heavy Goods Vehicle
TO BRITAIN Ship
TO RDC m Heavy Goods Vehicle
TO WHOLESALE (2) Medium or Large Heavy Goods Vehicle
TO DEPOT 13) Medium Goods Vehicle
TO STORE (1) Heavy Goods vehicle
TO GROCER (2) Light Goods Vehicle
PICK UP / TO HOME Car
TO HOME (3) Light Goods Vehicle
LANDFILL Bin Wagon then Skip truck or Barge
KEY
(1) - Multiple retailer
(2) - Greengrocer
(3) - Home delivery box scheme
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Figure 3.17 Variables for each stage resulting in a range of values for each transport system
Stage 1 - Varions regions of production and therefore distances to port of departure.
Stage 2 - Imports from several countries therefore distance to Britain varies.
Stage 3 - The distance to a distribution centre varies depending on port of entry for imported apples;
and the region in which the apples were cultivated, for British apples.
Stage 4 - The energy consumption for deliveries to a store depends on the load, which varies each day. 
Stage 5 - Energy consumption of shopping by car depends on the distance and the size / type of car. 
Stage 6 - The amount of leftover / waste from a kilogram of apples
Figure 3.18 Variables for each transport stage
Stage Vehicle Distance Load
1 HGV V c
2 Ship V —
Ferry V —
3 HGV c V
4 HGV c V
LGV c V
5 Car V c
6 Bin Wagon c V
Figure 3.19 Maximum, average and minimum values for imported apples, stages 1,2 and 3
Origin
MAXIMUM: NEW ZEALAND 
AVERAGE: USA 
MINIMUM: FRANCE
Growing
Region
Otago
Washington
Centre
Port
Departure Entry
► Nelson Sheerness----
►  Seattle Liverpool/ Felixstowe
► Calais  Dover ----
WHOLESALE
Figure 3.20 The commercial growing regions which represent the range of distances from 
source to distribution centre for British apples
Source
Distribution Centre Maximum Average Minimum
Liverpool / St Helens / Heywood Kent varies Worcestershire
London / Snodland Linconshire varies Kent
Note: based on the diagram in Figure 1.2.3 in Appendix 1.2.
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Figure 3.21 Distance to distribution centre from port or British growing region
Minimum
Average
Maximum
Distance to Distribution Centre ( km)
BRIXTON DENBIGH
TESCO MARKET SOMERFIELD ROBERTS
Imported 57 118 449 460
British 30 88 166 176
Imported 138 130 23 10
British 123 174 330 342
Imported 40 78 403 414
British 300 230 441 447
Figure 3.22 The distance from distribution centre to retail outlet
Distance to Distribution Centre (kilometres) 
Brixton_______  Denbigh
Tesco
100
Market
6
Somerfield
194
Roberts
168
Figure 3.23 Shopping trip frequency, distances and mode of transport to retail outlets in 
Denbigh and Brixton, based on the sample study outlined in Section 3.8.4
OUTLET PERCENTAGE
SHOPPING PUBLIC WALKING or
BY CAR TRANSPORT CYCLING
DISTANCE OF 
SHOPPING TRIP 
(kilometres, return) 
maximum average minimum
AVERAGE NUMBER OF 
TRIPS PER WEEK
SOMERFIELD 78 10 12 20 5 2 2.4
ROWLANDS 48 18 34 6 3 2 1.9
ROBERTS 52 18 30 6 3 2 1.8
TESCO 68 16 16 8 3 1 2.1
MARKET 22 32 46 3 2 1 2.9
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PART 3(bV. RESULTS and ANALYSIS
3.10 Introduction
In this section the results of the macro and micro studies will be presented. These are two separate 
analyses, and the results of each will be analysed and discussed independently. Section 3.11 wiU 
look at the results of the macro analysis which concentrated on apple imports in 1993 and 
quantified the total transport-related energy consumption and emissions associated with all apple 
imports during this year (stages 1 and 2). The environmental impact of all transportation involved 
in moving this product from each country of origin up to port of entry in Britain vdU provide an 
indicator of the environmental burdens associated with the global sourcing of food products.
In the micro analysis the energy consumption and air emissions are determined on the basis of the 
delivery of a kilogram of apples to the household of the consumer. All possible ways in which an 
apple can reach a consumer in Denbigh and Brixton are evaluated and compared in sections 3.12 to 
3.17. A detailed inventory will be provided for the energy consumption and emissions of the five 
main pollutants for each transport stage and the respective transport systems which they form. 
Comparisons between stages and systems will be based on energy consumption, with any significant 
variations in the quantity of a particular pollutant per unit o f energy consumed for each mode of 
transport and each transport life cycle discussed in section 3.18. The results of the micro analysis 
will be evaluated in the follovdng ways:
i. in section 3.13 each transport stage will be looked at separately, to show the percentage of the 
total transport life cycle energy consumption for which each stage is responsible and the range of 
values (maximum, average and minimum) for each;
ii. section 3.14 will look at imported and British grown apples up to the same distribution centres;
iii. comparisons will be made which are based on the sources of the apples in section 3.15;
iv. comparisons will be made on the basis of the type of retail outlet, upstream and downstream of 
the point of sale in section 3.16;
V. finally, section 3.17 will consider the differences in the whole transport life cycle energy 
consumption for aU of the options in Denbigh and Brixton.
3.11 Macro analysis: the environmental impact of international trade
In this section the energy consumption and air emissions associated with Britain’s apple imports in 
1993 are determined. The detailed analysis does not include the transportation of the 43,849 tonnes 
or 10.5% of the imports originating from ‘other’ countries, as these nations are not listed in the 
government statistics (Figure 1.9; CSO, 1994). The countries which will be assessed are France, 
Holland, the USA, South Africa and New Zealand.
When assessing at the environmental impacts associated with the import of apples, it is stages 1 and 
2 that are considered (Figure 3.10). To calculate the total energy consumption and air emissions, 
the route which the products take from each country of origin needs to be determined. Imports 
from France and Holland are transported to Calais and the Hook of Holland, respectively, by large 
Heavy Goods Vehicles (HOY). The load varies but is normally in the form of a 20 tonne container. 
It is assumed that in most cases the container is unloaded at a particular port and another is picked 
up, in which case there are no empty return journeys and the calculations will reflect this (Appendix 
3.7).
In the case of New Zealand and South Africa there are several ports of departure depending on the 
growing region. This is also the case for the United States: apples grovm in California, Washington 
and Oregon states are shipped via the Panama Canal from the West coast, whereas products from
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the states of Michigan, New York, Pennsylvania, Virginia and West Virginia are shipped from the 
East coast.
The distances which apples are transported in the country of origin to the port of departure (stage 
1) range from a maximum of 1090 kilometres in the case of those sourced in Michigan in the United 
States to a minimum of 42 kilometres for those originating in the Nelson region of New Zealand. In 
all cases this transport stage is by a large heavy goods vehicle (HGV) vÂth an (assumed) full load of 
20 tonnes. The distances are measured from the centre of each production region to port of 
departure. Appendix 3.8 provides a breakdovm of the regions which produce dessert apples in the 
five main countries exporting to Britain, showing the quantity produced in each and the distance to 
the port of departure.
Figures 3.24 and 3.25 show the total energy consumption and air emissions associated with stages 
one and two: to port o f departure and shipments to a British port for apple imports in 1993* .^ The 
sum of these two stages, shown in Figure 3.26, is the total energy consumption and emissions from 
farm gate or orchard to British port for apples imported from the five countries listed in Figure 1.9. 
The energy consumed in transporting the 373,358 tonnes of apples from these five main exporting 
nations was almost 613 thousand giga joules and required 12.5 million litres of fiiel. If  the 
remaining 43,849 tonnes from ‘other’ nations are represented by the average values for the five 
nations which are looked at in detail in Figures 3.24 to 3.26 and Appendix 3.8 then an additional 72 
thousand giga joules of energy is consumed.
Therefore, in transporting the 417,207 tonnes of dessert apples imported into Britain in 1993, 685 
thousand giga joules of energy was consumed which is equivalent to 14 million litres of fiiel (Figure 
3.27). This results in the emission of almost 47,500 tonnes of carbon dioxide; 1,500 tonnes of 
nitrogen oxides; 155,000 kilograms of carbon monoxide; 328,000 kilograms of hydrocarbons and 
over 280,000 kilograms of particulate matter.
Figure 3.28 provides a breakdown of the apples moved (which is measured in tonne-kilometres) 
during stages 1 and 2 (i.e. imported apples) in 1993, that is the distance multiplied by the quantity, 
in tonnes. Stage 1, by large HGV, amounted to 177.31 million tonne-kilometres and Stage 2 by ship 
or ferry amounted to 2462.6 million tonne-kilometres. In total therefore apples imported by Britain 
in 1993, up to British port, required a movement o f2640 million tonne-kilometres.
When stages 1 and 2 are compared on the basis of tonne-kilometres and the energy consumption, 
however, the impact is disproportionate. In terms of tonne-kilometres, stage 1 represents 6.7 per 
cent of the total for the first two stages, whereas the energy consumption of stage 1 is 21 per cent, 
as shown in Figures 3.28 and 3.29. This difference is explained by the distances involved in stages 1 
and 2 and the energy consumption of the trucks in stage 1 (0.741 MJ/tonne-kilometre) and ships in 
stage 2 (0.180 MJ/tonne-kilometre). An example is provided in Figure 3.30 which shows, for the 
case of apples imported from South Africa, the combined effects of the distances involved in stages 
1 and 2 and the energy consumption of trucks and shipments. In this instance, although the distance 
for stage 2 is over 50 times greater than stage one, shipping is over four times more energy efBcient 
than trucks. This emphasises the point that freight transport by road is less energy efficient than 
other modes, in this case transport by sea, as discussed in Chapter 2. In this instance the reason is 
the large quantity shipped (the total load of each trip) for which many truck loads of 20 tonnes are 
required. For example, 1275 individual lorry journeys, of 102 kilometres (one way), are required to 
move the 25,487 tonnes of apples, grown in the Elgin region of South Africa to the port at Cape
* In this chapter reference will be made to ‘transport stages’ and ‘transport systems’ at regular intervals. If 
clarification is required refer to the breakdown of all systems and stages provided in Figure 3.10 and Appendix 3.3.
116
Town. This represents a total annual distance travelled by trucks (just for those apples exported to 
Britain) of 130,050 kilometres (Appendix 3.8).
If  all apples, in each country of origin, were transported to the port of departure (stage 1) by rail 
(0.2707 MJ/tonne-kilometre) instead of by truck^^ the energy consumed could be reduced by a 
factor of 2.74 (from 131,403 GJ to 48,000 GJ), resulting in an energy saving of 83,404 GJ or 63.5 
per cent. For all apple imports (stages 1 and 2) this would represent an annual energy saving of only 
13%.
In 1993 Britain imported a total of 2,181 thousand tonnes of fresh fruit and 1,785 thousand tonnes 
of fresh vegetable products (Figure 3.31). Of these imports, 45 percent of fresh fruit and 69 per 
cent of fresh vegetables were sourced in the EC compared to 58 per cent in the case of apples. 
Based on the average values for energy consumption and air emissions of importing apples, the 
energy consumption up to the point o f  entry in Britain for all fruit and vegetable produce in 1993 is 
estimated to have been over 6.5 million gigajoules (Figure 3.32). This equates to the consumption 
of 134 million litres of fuel which results in emissions of carbon dioxide solely from imports of finit 
and vegetables of over 450 thousand tonnes. Imports of fresh finit and vegetables in this year is also 
estimated to have resulted in the emission of over 1,400 tonnes of carbon monoxide; 314 tonnes of 
hydrocarbons; almost 13,700 tonnes of nitrogen oxides; and over 2,700 tonnes of particulate matter 
(Figure 3.32).
The energy consumption and emissions associated with apple and all finit and vegetable imports in 
1993 are compared to those of the transport sector and the UK as a whole in Figure 3.33. Fresh 
produce imports in 1993 were equivalent to just over 0.1 per cent of all energy consumed in the UK 
in that year but to 16 per cent of all energy consumed by rail transport.
If  the transport-related emissions of importing fresh produce are compared to the total UK 
emissions in the UK in 1992, nitrogen oxides emissions are equivalent to 0.5 per cent; carbon 
dioxide 0.1 per cent and carbon monoxide 0.02 per cent of total emissions. The energy 
consumption and air emissions associated with international trade are not listed in the annual 
transport statistics produced by the Department of Transport.
3.12 Means/end analysis: the micro scale study
The detailed results of the micro analysis are shown in Appendix 3.9 for the 28 systems in Denbigh 
and Appendix 3.10 for the 24 systems in Brixton^®. The maximum, average and minimum values for 
aU systems are presented so that in all there are inventories for 84 systems in Denbigh and 72 
systems in Brixton, a total of 156 transport systems (see section 3.7). In these 156 systems 450 
transport stages are analysed. To enable comparisons between transport stages and transport 
systems the results are presented in various formats:
Appendices 3.9 and 3.10: show the results (energy consumption and emissions) for all transport 
stages and systems assessed in Denbigh and Brixton.
Appendix 3.11: shows in six separate inventories the maximum, average and minimum energy 
consumption values only, for all stages and systems, including the percentage of the total system 
energy consumption for which each stage is responsible.
Appendix. 3.12: lists energy consumption and emissions for all systems (with no breakdown for 
stages) in six inventories for the maximum, average and minimum values at each location.
See Figure 3.24.
In this section unless stated otherwise the results and the basis of all comparisons will be in terms of the functional 
unit, a kilogram of apples.
117
Appendix 3.13: contains various plots of the maximum, average and minimum results, first showing 
energy consumption and then emissions for all systems. The maximum, average and minimum 
energy consumption are shown in Figures 3.13.1 to 3.13.3 for Denbigh, with a comparison of all 
three in Figure 3.13.4. The same plots for Brixton are shown in Figures 3.13.5 to 3.13.8. Figures 
3.13.9 to 3.13.20 show the emissions for all systems in Denbigh and Brixton.
The following diagrams 'wiU be referred to in this section:
Appendix 3.3 shows all 30 possible transport systems (which are explained in section 3.5).
Figures 3.10 and 3.11 provide a breakdown of all systems into nine key systems (which are also 
explained in section 3.5).
3.13 Individual transport stages
In this section each transport stage will be looked at separately. The range of values (maximum, 
average and minimum) for each stage, the percentage of the total transport system energy 
consumption for which each stage is responsible, and all of the possibilities for each stage wül be 
described and compared. Figure 3.35 shows the range of values for each stage in Denbigh and 
Figure 3.34 provides a similar plot for all stages in Brixton. These two plots are based on the 
breakdown of all systems shown in Figure 3.10.
The methods used to calculate the maximum, average and minimum values for each stage were 
discussed in section 3.8. The range of values for British grown apples is shown in Figure 3.20 and 
Figures 3.19 and 3.21 shows the range of values for imported produce. As the growing region may 
cover a large area the distance is measured from the centre of the production area to distribution 
centre in the case of British apples and to the port in question for imported produce.
3,13.1 Stage 1: to the Port o f Departure
For imported produce it is the first eight systems which are being assessed (see Appendix 3.3 and 
Figure 3.10). Stage one considers the movement of apples from the region of production to the port 
of departure for imported produce. Appendix 3.8 shows the energy consumption of this stage for aU 
growing areas in the five main exporters of apples to Britain. The truck load is 20 tonnes and 
therefore the only variable, as shown in Figure 3.18, is the distance. If all five apple-exporting 
countries are considered the distance of stage 1 can range from 42km (0.031 MJ/kg apples) in the 
case of the Nelson region of New Zealand to 1090 km (0.808 MJ/kg apples) in the case of 
Michigan state in the USA (Figure 3.36). However, three examples will represent Energymaximum, 
Energyaverage and Energymmimum values for the first three stages for imported produce, as explained in 
section 3.8
The Energymaximum for Otago is 0.563 MJ/kg apples, Energyaverage for Washington is 0.133 MJ/kg 
apples and Energyminimumfor Centre is 0.350. In terms of the percentage of the total transport system 
energy consumption stage 1 represents 34-60 % of the total Energymmimum in Brixton and 14-24 % 
of Energyminimum in Denbigh (Figure 3.37). The average and maximum values for the energy 
consumption of stage 1 are considerably lower at 3-5 % and 5-12% of the total transport system
Due to the greater significance of stage two, it is not the minimum, average and maximum energy consumption for 
all of the options for stages 1 to 3, but the combined values for these three stages, i.e. the minimum, average and 
maximum values for stages 1 to 3, that are used. The Centre region in France, Washington state in the USA and 
the Otago region in New Zealand, represent the minimum, average and maximum values, respectively, as shown in 
Figure 3.37. This is why the minimum value for stage 1 is greater than the average value and hence constitutes a 
higher percentage of the total transport system energy consumption than the average and maximum values (Figure 
3.37).
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energy consumption in Brixton and 2-4 % and 3-9 % in Denbigh, respectively. The reason for the 
large percentage values for Energymmimum compared to those of Energymaximum and Energyaverage was 
explained above; and comparisons for all three stages (1 ,2  and 3) for imported produce in section
3.14 will provide a more objective basis for comparison of the maximum, average and minimum 
values for imported produce rather than would considering stage 1 in isolation.
Considering the potential for a reduction in the environmental burdens associated with this stage, 
the main option, apart from the relocation of commercial orchards closer to the port of departure 
(which is not practical), is a modal shift. Existing inland waterway systems and rail infrastructure, 
both have the potential to reduce the energy consumption and air emissions of freight distribution^^. 
Transport of freight by barge consumes 0.423 MJ/tonne-kilometre, rail freight requires 0.2707 
MJ/tonne-kilometre and transport by truck 0.741 MJ/tonne-kilometre^^. Transport of apples by 
barge and by rail from farm gate to port would, therefore, result in a reduction in energy 
consumption of 43 per cent and 63 per cent, respectively.
3.13,2 Stage 2: Shipments to Britain
Apples are shipped to Britain by ferry in the case of imports from France and Holland (via Calais 
and Rotterdam, respectively) whereas from the other three exporting countries - the USA, New 
Zealand and South Africa - apples are transported by refrigerated container and reefer ships. Figure 
3.38 summarises the results for all of the exporting countries. The data source for energy 
consumption and air emissions of shipments being in terms of tonne-kilometres, the effects of 
variations in the size of vessel, the total load and apple-fraction of the load do not have to be 
considered (Eriksson, 1995; Appendix 3.6).
In Figure 3.39 the countries used to represent the range of values for imports are shown together 
with the percentage of the total energy consumption of stage 2. Energymmimum is represented by 
French imports and at 0.122 MJ/kg apples is 12-21% of the total transport system energy 
consumption (systems 1 to 8) for French apples consumed in Brixton and 5-8 % of the total 
transport system energy consumption for French apples consumed in Denbigh. The average for 
stage 2 is illustrated by apples imported from the USA which consume 2.460 MJ/kg apples. This 
represents 55-90 % of the total transport energy in Brixton and 38-71 per cent of the transport 
energy for apples consumed in Denbigh. The transportation of apples from New Zealand requires 4 
MJ/kg apples which represents 38-86 % and 23-65 % of the total transport energy consumption for 
apples consumed in Brixton and Denbigh, respectively.
As explained earlier it is the sum of stages one and two which is of importance. The combination of 
stages one and two provides a more realistic representation of the energy consumption associated 
with imported produce, than does looking at either stage in isolation. Figure 3.40 shows that stages 
1 and 2 account for 46-98 % of the total energy consumption of distribution of apples to Brixton 
and 19-74 % in Denbigh. There are two trends in the values presented in Figure 3.40. The first is 
that in almost all cases the transportation of imported apples up to a British port consumes at least a 
third of the total system energy consumption, with the average at 57 per cent. Secondly, the 
fraction of the total energy consumption of stages 1 and 2, when looking at Energymaximum, 
Energyaverage and Energymmimum separately, is greater in Brixton than for the corresponding transport 
systems (1 to 8) in Denbigh, because the energy consumption of distribution, once the imported 
apples have arrived in Britain, is greater for apples destined for Denbigh than for those transported 
to Brixton. These two trends will be discussed in more detail in later sections.
^  The energy consumption of each mode of freight transport is shown in Appendix 3.6 (in particular in Figures 3.6.9 
and 3.6.10).
^  The value for trucks (a large HGV) assumes a load of 20 tonnes.
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3.13.3 Stage 3: Transportation to Distribution centres
In this section the transport of British-grown and imported apples to either a traditional wholesale 
market, a regional distribution centre (RDC) or a distribution depot will be covered. It is wholesale 
markets which supply fresh produce to greengrocers and market traders; RDC’s to the multiple 
retailers and box schemes are serviced by distribution depots. Figure 3.41 lists the distribution 
centres which provide fresh produce for the retail outlets in Denbigh and Brixton, and Figure 3.42 
shows the distance between distribution centres and ports for imported produce (stage 3a) and 
grooving regions for British produce (stage 3b).
Stage 3 (a) Transportation of Imported Produce to Distribution Centres
Figure 3.43 shows the results for stage 3a at the two locations. As for stages 1 and 2 the maximum, 
average and minimum values for stage 3a are dictated by the corresponding values for the sum of 
these first three stages as shown in Figure 3.19. This leads to the average values for imports 
destined for Denbigh and the maximum values for imports destined for Brixton being lower than the 
other values (Figure 3.43), because of the proximity of the port of entry to the respective 
distribution centres. This indicates one way of reducing the environmental impact of this stage, 
which will be discussed below. The minimum, average and maximum distances for all apples 
destined for Denbigh are from the ports of Dover, Liverpool and Sheemess and for Brixton the 
ports of Dover, Felixstowe and Sheemess, respectively.
Energymaximum values in both Denbigh and Brixton are represented by imports from New Zealand 
which arrive at Sheemess in the South-East of England. Apples destined for Denbigh pass via the 
wholesale market in Liverpool or a regional distribution centre (RDC) at St. Helens. Distribution 
from Sheemess to Liverpool and St. Helens involves a trip of over 400 kilometres by large HGV 
vsdth a load of 20 tonnes which results in an energy consumption of 0.307 MJ/kg apples and 0.299 
MJ/kg apples, respectively. In the case of Brixton the Energymaximum values are 0.03 MJ/kg apples 
for transportation to the RDC at Snodland and 0.058 MJ/kg apples for the trip to wholesale 
markets in London.
Energyaverage values are those for imports from the USA which in the case of apples distributed to 
Denbigh are shipped via Liverpool. This reduces the distance to distribution centres to less than 25 
kilometres and compared to apples which arrive at the two ports in the South-East of England 
results in a significant energy saving: over 18-fold in the case of apples distributed via St. Helens 
(0.017 MJ/kg apples), and over 43-fold in the case of the wholesale distribution centre in Liverpool 
(0.007 MJ/kg apples). Owing to the relatively insignificant impact of stage three compared to the 
other stages these energy savings would not alter the results for each transport system significantly 
when based on energy consumption per kilogram of apples. However, if the reduction in the annual 
number of trips by large HGY’s from the South-East of England to Liverpool and St. Helens is 
considered with the associated extemal environmental and social costs which could be avoided, 
then the reduction in the environmental impacts if apples arrive at Liverpool instead of the South- 
East of England is significant.
For apples destined for consumption in Brixton, Energyaverage values are represented by 
transportation from Felixstowe to wholesale markets in London (0.096 MJ/kg apples); and from 
Felixstowe to Snodland (0.102 MJ/kg apples).
The Energyminimum values of apples distributed to both Denbigh and Brixton are for imports arriving 
at Dover. The energy consumption of the journey to St.Helens is 0.333 MJ/kg apples; 0.341 MJ/kg 
apples to Liverpool; 0.042 MJ/kg apples to Snodland and 0.0.087 MJ/kg apples to wholesale 
markets in London.
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Figure 3.45 shows that the percentage of the total system energy consumption for which stage 3a is 
responsible and ranges from 0.3-11% in Brixton and 0.2-19 % in Denbigh. Apart from the case 
where apples imported from the USA arrive at Liverpool port, the energy consumption of this stage 
for those apples destined for Denbigh is at least three times that of those distributed to Brixton. 
This is because of the distances involved and is another comparison that will be explored further in 
section 3.17.
Stage 3 (b) Transportation of British Produce to Distribution Centres
Stage 3b, in which British apples are transported to the respective distribution centres, is part of 
systems 9 to 18 as shown in Figure 3.10 and Appendix 3.3. Figure 1.2.3 in Appendix 1.2 and Figure 
3.20 show the regions in which apples are grown commercially in Britain. The minimum, average 
and maximum distances to the distribution centres concerned are shown in Figure 3.44, together 
with the energy consumption and emissions of each. Stage 3b typically consumes a tenth of the total 
system energy consumption and ranges from 2 to 22 per cent. The range of values for the energy 
consumption of this stage for apples distributed to Denbigh and Brixton are shown in Figure 3.45, 
while Figures 3.34 and 3.35 provide a diagrammatic representation in which this stage can be 
compared to the other five.
For those apples destined for Liverpool and St. Helens, the orchards in Kent represent the 
maximum distance with an energy consumption of 0.3 MJ/kg apples. Worcestershire is the closest 
of the major commercial apple-producing regions and involves a truck journey of 170 kilometres, 
consuming 0.12 MJ/kg apples. Energyaverage distances are between 330 and 342 kilometres to the 
respective distribution centres consuming 0.25 MJ/kg apples.
Apples cultivated in Linconshire and Kent represent the maximum and minimum distances to 
distribution centres for apples consumed in Brixton. The Energyminimum value is 0.022 MJ/kg apples 
for systems 1 to 4 to Snodland and 0.065 MJ/kg apples for systems 5 to 8 to wholesale markets in 
London (Figure 3.44).
The third type of distribution system is that of organic home delivery to residents in Brixton, in 
which case apples are sourced from Kent and Sussex. Energymaximum for this system is 0.09 MJ/kg 
apples and Energymmimum is 0.06 MJ/kg apples for distribution to the depot at Forest HiU, South 
London.
As is the case for stage 1, a modal shift to rail would reduce the energy consumption of this stage 
from 0.741 MJ / tonne-kilometres to 0.2707 MJ / tonne-kilometres; for example, the movement of 
apples from Dover to wholesale in Liverpool would be reduced by 0.4703 MJ/kg apples, a factor of 
2.74. This shift to raü freight distribution is practical only if there is a raü siding close to both the 
orchards and the distribution centre for British produce, and the feasibility of this option is 
discussed ftirther at a later stage in this chapter.
3.13.4 Stage 4: Transportation to the retail outlet
Transport of the apples from the distribution centre to the respective retail outlet is the fourth stage 
in the transport life cycle of fresh apples. Fresh apples are transported to the Tesco and Somerfield 
supermarkets by a heavy goods vehicle (HGV) whereas market traders and greengrocers use a light 
goods vehicle (LGV). The multiple retailers (i.e. the Somerfield and Tesco stores) receive a 
separate delivery of fresh produce each day from their RDC’s. The energy consumption of these 
vehicles is shown m Appendix 3.6 and the results for this stage are summarised in Figure 3.46, 3.47 
and 3.48.
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For each retail outlet the energy consumed varies according to the total load and weight fraction of 
apples, but it is the relative location of the retail outlet and the distribution centre and distances 
between the two which is the major factor in the differences in energy consumption for each retail 
outlet, as shown in Figures 3.47. This is reflected in the results and in particular in the energy 
consumption of transportation to the outdoor market in Brixton, that is only 6 kilometres from the 
wholesale market at Covent Garden, consuming between 0.02-0.05 MJ/kg apples; and in the case 
of apples distributed to the Somerfield store in Denbigh from the regional distribution centre at St. 
Helens which involves a round trip of 194 kilometres (1.29-4.31 MJ/kg apples).
Figures 3.48, 3.34 and 3.35 show that stage 4 represents between 14 and 55 per cent of the total 
energy consumption (0.64-1.28 MJ/kg apples) in distributing apples via Roberts’ grocery store in 
Denbigh and between 24 and 72 per cent (1.29-4.31 MJ/kg apples) for the Somerfield store in the 
same town. In Brixton the energy consumption and the percentage of the total transport energy 
consumption are lower than the corresponding values in Denbigh because of the proximity of the 
distribution centres. As stated above this is most noticeable in the case of the outdoor market.
3.13,5 Stage 5: shopping and home delivery
There are many variables relating to shopping patterns, which are reflected in the results. Shopping 
may be carried out on foot, by bike, on public transport or by car. Shopping trips can also vary in 
terms of the number of items purchased and therefore the total weight and volume; the type of retail 
outlet and the distance between a household and the store. Additionally, shopping can now be 
delivered to the home in the form of a fresh finit and vegetable box scheme or covering all grocery 
items as in the case of Iceland supermarkets.
The options which are covered are shopping by car or by bus and shopping by foot or on bicycle. 
The first two modes consume energy directly in the form of fossil fuel while the latter do not, and 
therefore direct energy consumption and emissions will be zero. The other option in the case of a 
box scheme is home delivery.
The distances of shopping trips by car at the retail outlets in the two locations were measured from 
the store to the consumer’s home. They are listed in Figure 3.49 and are based on the results of a 
small sample study at each of the retail outlets (Appendix 3.2). As there were a range of distances 
for shopping trips at each retail outlet, the most convenient way of displaying this range is by using 
the maximum and minimum distances given in the survey and an average of all responses.
The air emissions and energy consumption relating to individual shopping trips (and home delivery 
in the case of a box scheme) are listed in Figure 3.50 for Denbigh and Figure 3.51 for Brixton. 
Shopping by car ranges from 0.35 - 8.26 MJ per kilogram of apples in Denbigh and from 0.19 - 4.3 
MJ per kilogram of apples in Brixton depending on the size of car and distance from the retail 
outlet.
Appendices 3.9, 3.10 and 3.11 show that stage 5, in which the product is transported to the home 
of the consumer by car, is for almost all systems the stage which consumes the largest fraction of 
the total energy consumption. The percentage of the total transport system energy consumption for 
which shopping by car is responsible ranges from 30-100 per cent for those systems representing 
Energymaximum; 22-100 per cent for Energyaverage; and 14-100 per cent for Energymmimum in Denbigh. In 
Brixton the corresponding figures are 25-100 per cent for Energymaximum; 20-100 per cent for 
Energyaverage; and 19-100 per cent for Energymmimum.
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The significance of this stage in terms of the range of values for energy consumption, compared to 
that of other stages in each transport life cycle is shown in Figures 3.34 and 3.35. In the majority of 
the 156 systems listed in Appendix 3.11, shopping by car accounts for over a third of the energy 
consumed for each system. Thus, any energy saving for this stage would have a significant effect 
when attempting to reduce the total transport system energy consumption. The direct 
environmental impact of stage 5 can be reduced to zero by reverting to non-motorised movement of 
goods to the home, such as shopping on foot or by cycling. If  this is impracticable then the next 
best environmental option is home delivery, which is already in operation at both locations in the 
form of a finit and vegetable box schemes.
Figure 3.52 provides a summary and a comparison of the data used for shopping and home delivery, 
in Denbigh and Brixton, firom Appendix 3.11. Home delivery results in an energy saving of between
0.104 and 4.129 mega joules per kilogram of apples in Brixton, a reduction in energy consumption 
by a factor of between 2.2 and 25.2 compared to shopping by car at the Tesco store. Figure 3.52 
also shows that home delivery in Denbigh consumes between 3 and 24 times less energy than 
shopping by car at the Somerfield store, with a significant energy saving of between 0.235 and 
7.915 mega joules per kilogram of apples.
The size of the car, the engine capacity and the distance of the shopping trip are also important in 
terms of energy consumption and Figure 3.53 lists the energy consumption of shopping trips by car 
in terms of MJ/kilogram apples-kilometres. In this chart ratio 1 shows that shopping trips in a 
medium and a large-sized petrol car consume over 1.7 times and over 2.3 times more energy than 
shopping trips in a small diesel car, respectively, in both Denbigh and Brixton. The figures are 
higher in Brixton owing to the entire journey being in urban conditions whereas in Denbigh only 
two kilometres of each trip are in ‘built up’ conditions.
Figure 3.53 also shows the ratio (2) of carrying out shopping trips by bus compared to the three 
types of car, which reduces energy consumption by a factor of over 3, 5 and 7 in Denbigh and over 
3, 6 and 9 in Brixton compared to small diesel, medium and large petrol cars, respectively. Figure 
3.54 show the relationship between the distance travelled, mode of transport and energy 
consumption for the purchase of apples when shopping is by car and bus.
3.13.6 Stage 6 : Waste Collection
The two waste-management options for any uneaten apples (or uneaten apple fi*action) are either 
composting at home or transport of apple waste to landfiU^ "^ . The results for each location are 
shown in Figures 3.55 and 3.56. In Denbigh the second stage is by road whereas in Brixton the 
waste is taken to a landfill site in Essex by barge. The maximum value is for the case in which all of 
the apples which are purchased are not consumed and become waste. The average and minimum 
values relate to a leftover portion of 0.33 kilograms and 0.1 kilograms, respectively. A comparison 
with the other stages in Figures 3.34 and 3.35 shows that stage 6 has a similar range (0.023-0.333 
MJ/kg apples) to that of stages 1 and 3 and that these three stage are less significant in terms of 
energy consumption than stages 2, 4 and 5.
3.14 Micro analysis: a comparison of imported and British apples up to the same distribution 
centres
In section 3.11 the annual environmental impacts of importing apples (stages 1 and 2) are 
quantified. To determine and compare the energy consumption and air emissions for imported and
^  The Local Councils in Denbigh and Brixton do not operate a compost scheme for putrescibles and neither has a 
waste-to-energy plant (See section 3.8).
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British apples from a micro perspective (per kilogram of apples) up to the same distribution centre, 
it is stages 1 to 3 in transport systems 1 to 16 that are analysed (see Appendix 3.3).
Figure 3.57 compares the energy consumption in transporting imported and British grown products 
to the distribution centres of the multiple retailers at Snodland and St.Helens and the wholesale 
markets at London and Liverpool for apples consumed in Brixton and Denbigh, respectively. The 
aim is to look at the effect of a policy of national self-sufficiency as opposed to the present global 
sourcing of apples in particular and food products in general, and to assess any energy saving and 
reduction in air emissions. In this instance the energy consumption of imported produce includes the 
first three stages in the life cycle: to the port of departure; to a British port; and to the respective 
distribution centres (Figure 3.58). In the case of British grown produce the only stage to be 
considered is transport of the product from the region of production to a distribution centre (Figure 
3.58). The data are taken from Figures 3.36 to 3.44.
In the case of imported produce, the figures shown in parentheses in Figure 3.57 refer firstly to the 
percentage for the first three stages of the total energy consumption of that system if shopping is by 
car and any waste is transported to landfill (systems 1 and 5, as shown in Appendix 3.3); and 
secondly if shopping is not carried out by car and the waste product is composted (i.e. systems 4 
and 8 when there are no stages 5 and 6). For British-grown produce the first figure in parentheses is 
the percentage of stage 3 of the total energy consumption (systems 9 and 13) and the second figure, 
as above, if stages five and six are not included (systems 12 and 16).
Therefore, transportation up to the distribution centres for imported produce (stages 1 ,2 and 3) 
accounts for 33-79% of total energy consumption for apples destined for Denbigh and 51-99% of 
total energy consumption for produce in Brixton. Up to the same distribution centres for British 
grown apples, stage 3 amounts to 7-23% of the total energy consumption in Denbigh and 4-81% of 
the total energy consumption in Brixton.
The figure referred to as ‘ratio’ in Figure 3.57 is defined as the energy consumed for imported 
produce divided by the energy consumed for British produce, for each retail outlet. The energy 
saving for British grown apples over imported apples ranges from a factor of 6.3 to over 14 in 
Denbigh, between 0.68 to 4.54 MJ per kilogram of apples. In Brixton a policy of national self- 
sufficiency would result in a similar energy saving of between 0.49 and 4.49 MJ per kilogram of 
apples. In all instances national self-sufficiency in apples would result in an energy saving of over a 
factor of 5 and in nine cases a factor of more than 10 times less energv is consumed for British 
grovm apples.
The differences in the energy consumed by imported produce and British products in both Denbigh 
and Brixton are significant and their magnitude is discussed in Appendix 3.7. It should be 
remembered, however, that the results cover only the movement of apples up to and within Britain, 
as discussed in Section 3.3 where the system boundary was defined. All inputs into agricultural and 
packaging processes (growing of the apples and primary, secondary and transport packaging) are 
excluded.
3.15 The source of the product: global, national and local sourcing
In terms of sourcing, the critical differences are whether the apple has been imported, grown in 
Britain or sourced locally. Distribution within Britain is dictated by the source of the product as 
imported apples are distributed only via regional distribution centres and traditional wholesale 
markets, which is also the case for the majority of apples grown commercially in Britain, with the 
exception of those distributed through a box scheme. Locally sourced apples are transported to the 
consumer’s house through home delivery schemes or collected by car, whereas no transportation
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(up to the consumers household) is required for home grown products. Figure 3.10 and Appendix
3.3 show that there are in the case of imported produce up to six stages in the transport life cycle, 
up to four stages for British grown apples and for locally and home grown a maximum of two and 
one stages, respectively.
Figures 3.59 and 3.60 show the relationship between the source of the product, the transport 
energy consumption and air emissions. Figure 3.61 is based on the data groups (i) and (iii) in Figure 
3.59. In the two histograms in Figure 3.61 the energy consumption of global and British sourced 
apples does not begin at zero because the minimum energy required to reach the consumer in each 
case is 1.45 MJ/kilogram of apples and 0.77 MJ/kilogram of apples in Denbigh and 0.582 MJ/kg 
and 0.088 MJ/kg in Brixton, respectively. In Figure 3.59, data groups (ii) and (iv) demonstrate the 
difference when shopping is not by car and the waste is composted. In which case stages 5 and 6 do 
not consume fossil fiiel energy.
There is a clear decrease in transport energy consumption as the product is sourced closer to the 
point of consumption (Figures 3.61 and 3.64). Local sourcing minimises transport-related energy 
consumption and air emissions and unlike nationally and globally sourced produce the transport 
energy can, for local and homegrown produce, be zero. Typical values for transport energy 
consumption for imported apples lie in the range 3.46 to 6.45 MJ/kg for apples consumed in 
Denbigh and between 2.72 and 4.5 MJ/kg in Brixton. However, the maximum value for imported 
apples in Denbigh is 17.75 MJ/kg and 10.4 MJ/kg in Brixton. These values represent the situation 
in which apples are imported fi’om New Zealand, distributed by a multiple retailer, sold in a 
supermarket and purchased in a shopping trip of between 8 and 20 kilometres using a large petrol 
car, with any wastage transported to landfill. This combination of transport steps is by no means 
unlikely or uncommon because, as discussed in Chapter 2, Britain imports three quarters of aU 
apples consumed annually, the majority of apples are marketed by the multiple retailers, most 
shopping trips to multiple retailers are by car, and almost all domestic putrescible waste is disposed 
of in landfill sites. The point is that the maximum, average and minimum values for each stage and 
each transport system are not intended to represent probability but to cover all possibilities and 
permutations associated with apple distribution^^. The average energy consumption of distribution 
to consumers of all apples consumed in Britain in a given year, lie in the upper range for imported 
produce in Figures 3.61 and 3.64 (both i and ü) which represents system 1 in Appendix 3.3.
When products are grown for export, production tends to be large-scale, which necessitates 
considerable extemal energy inputs for pesticides and fertilisers, and such operations tend to be 
highly mechanised (Paxton, 1994). Additionally, as the distance between production and 
consumption increases, the packaging requirements of fi*esh produce for distribution become a 
significant factor, as does cold and modified-atmosphere storage (Kooijman, 1994). The energy 
consumption associated vrith packaging and agricultural systems, including the production of all 
inputs and also their respective transport life cycles, further increases the transport and energy 
intensity of the systems of production and distribution associated with apples exported to Britain. 
Even so, British horticultural production has also become more intensive, partly because of the 
desire on the part of the multiple retailers for uniform, blemish-fi’ee produce in large quantities and 
partly because of competition fi*om imported produce. The differences in the energy consumed in 
growing apples (as well as in their transport and distribution) vriU therefore become more visible 
when comparing organic home grown and local production to large scale foreign and British 
commercial production systems. The energy consumption of packaging and of the various types and 
scales of apple cultivation will be compared to that of distribution in Chapter 4 as well as variations
When the minimum value is calculated for each transport system (lifecycle) this is the sum of the minimum values 
for each of the transport stages in that system, and the same applies when determining the average and maximum 
values for each system.
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in the energy consumption for packaging and apple cultivation for locally, nationally and globally 
sourced apples.
3.16 Comparisons of the results by type of retail outlet or other marketing option
Figure 3.62 compares the energy consumption for all marketing/distribution systems for dessert 
apples consumed in Denbigh and Brixton, showing the maximum, average, minimum and complete 
range of values. At both locations there is a clear trend and in Denbigh the maximum value at 
multiple retail outlets is almost double that of the wholesale market distribution systems of the 
grocers Roberts. Similarly, in Brixton the maximum energy consumption for apples distributed to 
market traders is just under two-thirds that of apples that are marketed at the Tesco superstore. The 
maximum values for produce which is distributed via wholesale markets and marketed at Roberts’ 
are three times more energy-intensive than local marketing systems in Denbigh. In Brixton, apples 
which are sold by market traders have distribution systems which are over two and a half times 
more energy-intensive than local sourcing and distribution systems.
Home delivery is the most energy-efficient distribution system for both nationally sourced produce 
distributed via the box scheme in Brixton and locally sourced produce distributed by Deer in the 
box scheme in Denbigh (as shown in Figure 3.62). In Brixton, even though the apples delivered in 
the box scheme are sourced in Kent and Sussex, the transport energy consumption is less than for 
local apples which are picked up from local orchards, allotments or friends by car. As discussed in 
section 3.13, shopping by car in almost all cases is the transport stage in which most energy is 
consumed. This example emphasises the point that if a car is involved in shopping or collecting 
local produce, the energy consumption of that distribution system will increase significantly. In the 
case of locally sourced apples at both locations the energy consumption can be minimised by 
collecting the produce on foot or on bike. If  the waste is composted then the energy consumption 
of distribution will be zero.
3.17 The results in Denbigh and Brixton
The results for locally sourced produce (systems 19-22 and 25-28), finit and vegetable box schemes 
(systems 17-18 and 23-24) and homegrown produce (systems 29 and 30) in Denbigh and Brixton 
are similar, as shown in Appendix 3.11 and Figures 3.62, 3.34 and 3.35. These systems all involve 
either local sourcing or home grown produce. The main differences between the results in Denbigh 
and Brixton arise in systems 1 to 16 for the case in which commercially grown British and imported 
apples are distributed via a traditional wholesale market, or a regional distribution centre in the case 
of a multiple retailer. As the same countries are used to represent the range of values for imported 
produce (Figure 3.19), stages 1 and 2 are identical for both locations. Therefore in systems 1 to 16 
it is stages 3 ,4 and 5 in which there is a significant difference in the results in Denbigh and in 
Brixton because the energy consumption of stage 6, in which any uneaten product is transported to 
landfill, is also similar at both locations.
Stage 3, the transportation to a distribution centre, is in almost all cases greater in Denbigh than in 
Brixton. In the case of imported produce this is because shipments arrive in the ports of the south 
east of England and therefore the distance to London or Snodland is between 78 and 130 
kilometres and 40 and 138 kilometres, respectively. The distance to Liverpool and St. Helens is 
considerably greater at over 400 kilometres in aU but one case. This is when apples imported from 
the US are shipped directly to Liverpool, which reduces the distance to distribution centre to less 
than 23 kilometres (Figure 3.45).
In the case of British-grown apples the maximum, average and minimum distances to distribution 
centres in Liverpool and St. Helens are typically twice those to Snodland and London. This is
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because the majority of commercial orchards are located in Southern England as shown in Figure
1.2.3 in Appendix 1.2.
The relative distances between distribution centres and retail outlets are reflected in the energy 
consumption of stage 4. Produce distributed via St. Helens and Liverpool involves a return journey 
to Denbigh of 194 and 168 kilometres, respectively, whereas Brixton is only 5 kilometres away 
from wholesale markets in London and 50 kilometres from Snodland.
Shopping by car (stage 5) consumes more energy, on average, in Denbigh because of the distances 
involved (Figure 3.49), which are greater than in Brixton because Denbigh attracts shoppers from a 
large rural area in which it is the nearest place to purchase food and other products. Brixton, on the 
other hand, has a high population and retail density.
There are thus three reasons why the distances involved and therefore the energy consumption of 
transport stages 3, 4, and 5 are greater in Denbigh than in Brixton. These are:
• the port of entry for imported produce and the relative location of the port and the distribution 
centre;
• the location of the distribution centre in relation to the retail outlet;
• the catchment area of retail outlets and the accessibility o f all households within this area by car, 
bus and by walking and cycling.
3.18 Energy consumption and air emissions
In this chapter the results are presented and all comparisons made on the basis of the energy 
consumption per functional unit, MJ/kg apples. As well as the input of fuel, which provides the 
direct energy to move the apples in each transport stage, the emissions are also important when 
assessing the environmental impacts associated with the thermodynamic throughput of each 
transport stage and transport system. The direct emissions per unit o f fuel consumed, which in this 
case are the five air emissions, indicate how ‘clean’ or ‘dirty’ the particular fuel is and also the 
efficiency of each mode of transport and of each engine type in converting fiiel into power.
Energy consumption is used as the main indicator and the basis for all comparisons because the 
emissions for each mode of transport are directly proportional to the energy consumed (Appendix 
3.6), and because using only one indicator simplifies the analysis - rather than looking at aU six 
indicators for all 156 systems and the 450 stages which these systems contain. If  the analysis in the 
sections above had compared the results for aU five emissions as weU as energy consumption then 
939 systems and 2700 stages would have to be considered.
When looking at the energy consumption of transport systems, which comprise several transport 
stages, each with a different mode of transport, the relationship between emissions and energy 
consumption is not directly proportional, but for aU 156 systems the quantity of each of the five 
gases emitted vriU lie within a specified range. Figure 3.63 shows the emissions per megajoule of 
energy consumed for aU forms of transport assessed in this study. The emissions in aU 156 systems 
He in the range of (maximum and minimum) values shown in this diagram. For example the quantity 
of carbon dioxide released per mega joule of energy consumed ranges from 45.7 grammes in the 
case of a large petrol car to 72.2 in the case of international shipping. For aU systems, shown in 
Appendix 3.12, the amount of carbon dioxide wiU lie in this range and when shipping represents a 
large fraction of the total system energy consumption, as in systems 2 and 4, the amount of carbon 
dioxide released vriU be greater than in the systems in which a large petrol car consumes a large 
fraction of the total energy consumption, systems (Energy maximum) 11, 13, 15 and 25. Shipping also 
emits more particulate matter and nitrogen oxides, per megajoule of energy consumed, than any
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other mode of transport; and a large petrol car, without a catalytic converter, produces the most 
carbon monoxide and hydrocarbons. Thus, the amount of carbon monoxide and hydrocarbon 
emitted will be greater for systems in which a large car consumes a large fraction of the total energy 
consumption.
The energy consumption and gaseous emissions for all systems in Denbigh and Brixton are 
summarised in Appendix 3.13 to enable a comparison of the profile of energy consumed in all 156 
systems and the emissions of carbon dioxide; nitrogen oxides; particulate matter; hydrocarbons; and 
carbon monoxide. Figure 3.13.4 for example shows the energy consumption of aU systems in 
Denbigh, and Figures 3.13.9 to 3.13.13 in separate plots show the corresponding emissions, with 
Figure 3.13.14 showing the quantity of all five pollutants released for all systems in Denbigh.
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Figure 3.24 Transportation of Imported Apples to Port of Origin in 1993 
To Port
Origin ENERGY €02 CO HC NOx PM
GJ tonnes kg
New Zealand 5,055 291.00 1,318 165 4,455 365
USA 3,853 221.64 1,019 117 3,394 278
France 104,736 6030.24 27,701 3180 92,288 7,561
Holland 2,483 142.92 657 75 2,188 179
South Africa 15,276 879.15 4,040 464 13,460 1,103
Total 131,403 7564.95 34,735 4,001 115,785 9,486
Data sources: Appendix 3.8 and for energy consumption and emissions of trucks, Appendix 3.6
Figure 3.25 Shipments of Imported Apples to Britain in 1993 
Apples per year
Shipment Distance Quantity ENERGY C02 CO HC NOx PM
km tonnes GJ tonnes kg
New Zealand 22246 53117 212,695 15361.3 47265.6 11816.4 531738.4 118164.1
South Africa 12300 84955 188,090 13584.3 41797.9 10449.5 470226.0 104494.7
France 45 194354 23,614 1749.2 2886.3 437.3 38482.1 —— — —
Holland 187 21608 10,910 808.1 1333.4 40.4 17779.1
USA 5583 - 12574 20992 46,285 3385.3 10408.8 2604.7 117192.4 26046.7
Total 481,594 34,888 93,283 25,348 1,175,418 248,706
Data sources: Figure 1.9 and for energy consumption and emissions for shipping. Appendix 3.6
Figure 3.26 Transportation of Imported Apples from Farm Gate to British Port in 1993 
From Farm Gate to British Port
Shipment Quantity
tonnes
ENERGY CO2 CO HC NOx PM
GJ tonnes kg
New Zealand 53117 217,750 15,652.3 48,583.6 11,981.4 531,738 118,529.1
South Africa 84955 203,366 14,463.5 45,837.9 10,913.5 483,686 105,597.7
France 194354 128,350 7,779.4 30,586.9 3,617.3 130,770 7,561.2
Holland 21608 13,393 951.0 1,990.4 115.4 19,967 179.0
USA 20992 50,138 3,606.9 11,427.8 2,721.7 120,586 26,324.8
Total 612,997 42,453 138,427 293,349 1,286,747 258,192
Data sources: Figures 3.24 and 3.25
Figure 3.27 Estimate of the energy consumption and emissions for all UK apple imports in 
1993
Five countries listed * 
‘other’ countries *
Energy
GJ
612,997
71,993
C02 CO HC NOx PM
Tonnes
42,453
4,986
kilograms
138,427 293,349 1,286,747 258,192
16,257 34,452 151,121 30,323
All Apple Imports 684,990 47,439 154,684 327,801 1,437,868 288,515
*see Figure 1.9
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Figure 3.28 Apples moved in stages 1 and 2,1993
million tonne-kilometres
to Port of departure Shipments to Britain
France 141.33 8.7
Netherlands 3.35 4.0
U.S.A 5.20 223.4
South Africa 20.61 1044.9
New Zealand 6.82 1181.6
Total 177.31 (6.7%) 2462.6 (93.3%)
Data sources: Appendix 3.8 and Figure 3.25 
Figure 3.29 The Environmental Impact of Apple Imports for the year 1993
Origin ENERGY C02 CO HC NOx PM
GJ tonnes kg
to Port of Depatrure 131,403 (21) 7,565(18) 34,735 (25) 4,001 (14) 115,785 (9) 9,486 (4)
to Britain 481,594 (79) 34,888 (82) 93,283 (75) 25,348 (86) 1,175,418 (91) 248,706 (96)
Total 612,997 42,453 138,427 29,349 1,286,747 258,192
* Percentages of the total are shown in parentheses
Source: based on data from Figures 3.24 and 3.25.
Figure 3.30 The explanation for the difference in the percentage of total energy consumption 
____________and tonne-km of stages 1 and_2___________________________________
South Africa (based on Figures 3.24, 3.25, 3.28 and Appendix 3.8)
The energy consumption: To Port = 15,276 GJ and To Britain = 188,090 GJ
The energy consumption o f the stage To Britain is 188090 GJ / 15276 GJ = 12.3 times greater than To Port 
which is explained by the distance o f stage 2 ‘To Britain’ being 50.7 times greater than the To Port (i) ant 
shipping being 4.1 times more energy efficient than lorries (ii). Therefore 50.7 * 1/4.1 = 12.3.
i. To Port = 20.613 million tonne-kilometres = 84955 (tonnes) * 242.6 (average kilometres, see iii.)
To Britain = 2462.6 million tonne-kilometres = 84955 (tonnes) * 12300 (kilometres)
the distance ‘To Britain’ (12300 kilometres) is 50.7 times that o f ‘To Port’ (242.6 kilometres, calculated 
iii below)._____________________________________________________________________________ ______
II. energy consumption:
iii. Truck = 0.741 MJ/tonne-kilometre
iv. Ship = 0.180 MJ/tonne-kilometre
Ships are 4.1 times more energy efficient than trucks (0.741 / 0.180).
iii. for stage 1 ‘To Port’ the average distance o f 242.6 kilometres is determined by multiplying the fractic 
sourced in each region by the distance involved, based on data from Appendix 3.8:
0.30 * 102 = 30.6
0.22 * 413 = 90.86
0.20 * 135 = 27
0.12 * 656 = 78.72
0.08 * 98 = 7.84
0.02 * 203 = 4.06
0.02 * 143 = 2.86
0.01 * 56 = 0.56
242.6
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Figure 3.31 Imports of fresh fruit and vegetables
FRUIT
Apples
Pears
Citrus Fruit
Bananas
Melons
Peaches and Nectarines 
Grapes
Quantity Percentage of Principal Countries of Origin
Thousand Tonnes (total, EC SOUrced)
417 19, 58 France, South Africa, U.S.A., New Zealand.
100 5,66 France, Netherlands, South Africa, Italy.
640 29,31 Spain, South Africa, Turkey, Morocco, Israel.
566 26,26 The Caribbean, France, Ireland, Belgium, Belize. 
116 5, 71 Spain, Brazil, Israel, France.
73 3, 87 France, Italy, Spain, South Africa.
125 6, 61 Italy, Spain, South Africa, Chile, Netherlands.
Fruit listed 2,037 93
Total Fresh Fruit 2,181 100, 45
VEGETABLES
Potatoes 1,038 58, 50 Netherlands, France, Egypt, Cyprus, Spain.
Tomatoes 167 9,99 Netherlands, Canary Islands, Spain.
Onions 149 8,73 Netherlands, Spain, Australia, New Zealand.
Cauliflower / Broccoli 52 3,99 Netherlands, France, Italy, Spain.
Lettuce 83 5, 98 Netherlands, France, Italy, Spain.
Carrots / Turnips 29 2,93 Netherlands, France, Italy, Spain.
Cucumbers 43 2, 98 Netherlands, Canary Islands, Spain.
Mushrooms 37 2,99 Netherlands, Belgium, Ireland.
Peppers 40 2,82 Netherlands, Canary Islands, Spain.
Courgettes 19 1,82 Netherlands, France, Spain.
Celery 24 1, 82 Netherlands, France, Spain.
Vegetables listed 1,681 94
Total Fresh Vegetables 1,785 100,69 Source: CSG (1994)
Figure 3.32 The environmental impact of all fresh fruit and vegetable imports in 1993
Energy €02 CO HC NOx PM
GJ Tonnes Kilograms
Apples 684,990 47,439 154,684 32,796 1,437,868 289,089
All Fruit imports 3,638,714 251,999 821,692 174,215 7,638,053 1,535,661
All vegetable imports 2,930,697 202,965 661,808 140,316 6,151,849 1,236,853
Total Fresh Produce 6,569,411 454,964 1,483,500 314,531 13,789,902 2,772,514
Data sources: Figures 3.27 and 3.31
Figure 3.33 Comparisons of the results with other sectors of the UK economy
EMISSIONS
Energy C02 CO NOx
Million Therms Thousand Tonnes
Apple Imports 6 47 0.15 1.44
Total Fresh Produce Imports 62 454 1.5 13.79
UK Road Transport 15,785 (0.4) 121,200 (0.4) 6,050 (0.02) 1,460 (0.9)
UK Railways 384 (16) 5,800 (7.8) 10 (15) 50 (28)
All UK Transport 19,853 (0.3) 139,400 (0.3) 6,100 (0.02) 1,670 (0.8)
All UK energy and emissions 60,463 (0.1) 566,600 (0.1) 6,710 (0.02) 2,750 (0.5)
Figures in parentheses show the percentage of fresh produce imports in 1993
Energy figures for the year 1993 and emissions for the year 1992 (DoT, 1994)
1 therm = 105.5 MJ
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Figure 3.34 The range of values for the energy consumption of all stages and systems in 
Brixton
( stage number shown on vertical axis )
SYSTEMS 1-4 
ing / Multiple Retailer / CarGlobal Sourc
SYSTEMS 5-8
bal Sourcing / Grocer / Car
SYSTEMS 9-12 
ational Sourcing / Multiple Retailler / Car
SYSTEMS 13-16
National Sourcing / Grocer:/ Car
SYSTEMS 17-18 
National Sourcing/Box Scheme/ Car
SYSTEMS 25-28 
Local Sourcing /Car
SYSTEMS 29-30
Home Grown
2 3 4 5 6 7
ENERGY CONSUMPTION (MJ/kilogram of Apples)
Notes
11.
The shaded area represents the range of values for each stage. The minimum values for the energy 
consumed by each transport stage do not always begin at zero megajoules. For example, stage 2 (in systems 
1 - 4 )  begins at 0.122 MJ / kg apples. This is the minimum value for this stage which is represented by the 
movement of apples from Calais to Dover by ferry (see Figure 3.39).
See Appendix 3.3 and section 3.5 for a description of all transport stages and transport systems.
Data source: Appendix 3.11
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Figure 3.35 The range of values for the energy consumption of all stages and systems in 
Denbigh
( stage number shown on vertical axis )
SYSTEMS 1-4
Global Sourcing / Multiple Retailer / Car
SYSTEMS 5-8 
Global Sourcing /  Grocer / Car
1_
SYSTEMS 9-12 
National Sourcing / Multiple Retailler / Car
SYSTEMS 13-16
National Sourcing / Grocer / Car
SYSTEMS 19-22
Local Sourcing / Grocer/ Car
2 _
SYSTEMS 23-24
Local Sourcing:/ Box Scheme / Car
1_
2_
3_
4_
SYSTEMS 29-30
Home Grown
ENERGY CONSUMPTION (MJ/Kilogram of Apples)
Data source: Appendix 3.11
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Figure 3.36 Summary of Stage ‘TO PORT’ for Imported Apples
per Idlc r^am of product
Region ENERGY CO2 CO HC NOx
MJ grammes
PM
i
I
Centre 0.35 20.18 0.0927 0.0106 0.309 0.0253
Pays de Loire 0.36 20.69 0.0951 0.0109 0.317 0.0526
Aquitaine 0.74 42.61 0.1951 0.0224 0.650 0.0533
Midi-Pyrenees 0.63 36.46 0.1676 0.0192 0.558 0.0457
Rhone-Alpes 0.72 41.38 0.1902 0.0218 0.634 0.0519
Languedoc-Roussillon 0.74 42.29 0.1944 0.0223 0.647 0.0530
Alpes-Cote-D’Azur 0.77 44.52 0.2046 0.0235 0.682 0.0558
Elgin 0.076 4.35 0.020 0.002 0.067 0.0055
Langkloof 0.306 17.62 0.081 0.009 0.270 0.0221
Ceres 0.100 5.76 0.026 0.003 0.088 0.0072
Vyeboom 0.486 27.99 0.129 0.015 0.429 0.0351
MUiersdorp 0.073 4.18 0.019 0.002 0.064 0.0052
Montagu /Barrydale 0.151 8.66 0.040 0.005 0.133 0.0109
Piketbei^/Porterville 0.106 6.10 0.028 0.003 0.093 0.0077
Somerset West 0.042 2.42 0.011 0.001 0.037 0.0030
Hawkes Bay 0.052 2.986 0.0137 0.00158 0.0457 0.00375
Nelson 0.031 1.792 0.0082 0.00095 0.0274 0.00225
Otagao 0.563 32.414 0.1490 0.01710 0.4963 0.04066
Cantebury 0.301 17.316 0.0760 0.00914 0.2651 0.02172
California 0.313 17.92 0.082 0.0095 0.274 0.225
Michigan 0.808 46.49 0.214 0.0245 0.712 0.058
Nev^York 0.282 16.21 0.074 0.0086 0.248 0.020
Or^on 0.341 19.62 0.090 0.0104 0.300 0.025
Pennsylvania 0.282 16.21 0.074 0.0086 0.248 0.020
Virginia 0.313 17.92 0.082 0.0095 0.274 0.225
Washington 0.133 7.68 0.035 0.0041 0.118 0.010
West Virçinia 0.489 20.15 0.129 0.0149 0.431 0.035
Data source: Appendix 3.8
Figure 3.37 The range of values used for stage 1.
Energy Consumption Percentage of Total System Energy
( Ml/kg apples ) ( for systems 1 to 8 )
BRIXTON DENBIGH
Minimum: Centre (France) 0.350 34-60 14-24
Average: Washington (USA) 0.133 3-5  2 -4
Maximnm: Otago (New Zealand) 0.563 5-12 3-9
Data source: Appendices 3.8 and 3.11
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Figure 3.38 Summary of the results for stage 2 (shipments to Britain) for imported apples.
Origin Shipment ENERGY CO2 CO HC NOx PM
MJ grammes
FRANCE Calais to Dover 0.122 9.0 0.015 0.0023 0.198 —— —
HOLLAND Hook of Holland to Harwich 0.505 37.4 0.062 0.0094 0.823 -
SOUTH AFRICA Cape Town to Shearness 2.214 159.9 0.492 0.1230 5.535 1.230
USA Seattle to Felixtow 2.536 183.1 0.563 0.1409 6.339 1.409
Seattle to Liverpool 2.460 177.7 0.547 0.1367 6.151 1.367
San Fransisco to Felixtoe 2.263 163^ 0.503 0.1257 5.658 1.257
New York to Portsmouth 1.005 72.6 0.223 0.0558 2.512 0.558
NEW ZEALAND Napier to Sheemess 4.004 289.2 0.890 0.2225 10.011 2.223
Data source: Appendix 3.6
Figure 3.39 The range of values used for stage 2.
Country
of
Origin
Energy Consumption 
( MJ/kg apples )
Percentage of Total System Energy 
( for systems 1 to 8 )
BRIXTON DENBIGH
Minimum France 0.122 12-21 5-8
Average USA 2.460 55 - 90 38 - 71
Maximum New Zealand 4.004 38 - 86 23 - 65
Data source: Appendix 3.11
Figure 3.40 The values used for stages 1 and 2.
Energy Consumption 
( M J / a p p l e s  )
Percentage of Total System Energy 
BRIXTON_______  DENBIGH
TESCO MARKET SOMERFIELD ROBERTS
Minimum 0.472 46-59 59-81 19-23 26-33
Average 2.593 58-77 74-95 40-54 57-75
Maximum 4.567 44-77 80-98 26-50 50-74
Data source: Appendix 3.11 
Figure 3.41 The distribution centres providing fresh produce for each retail outlet
Location Retail Outlet Distribution Centre
DENBIGH
SOMERFIELD
CO-OP
ROWLANDS
DEER
MARKET
ROBERTS
St. Helens
Heywood
Denbigh and Liverpool* 
Denbigh**
Liverpool*
Liverpool*
BRIXTON
TESCO
ICELAND 
COST CUTTER 
MARKET 
LOCAL SHOP 
BOX SCHEME
Snodland
Luton
Hackney or Covent Garden* 
Hackney or Covent Garden* 
Hackney or Covent Garden* 
Forest Hill**
KEY:
Outlets in bold type are looked at in this study; * Denotes the source being a wholesale market; 
** distribution depot in the case of a box scheme.
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Figure 3.42 Distance to distribution centre
Distance to Distribution Centre ( km)
BRIXTON DENBIGH
TESCO MARKET SOMERFIELD ROBERTS
Minimum 57 118 449 460British 30 88 166 176zc 138 130 23 10123 174 330 342
__ . Imported 
British
40 78 403 414
300 230 441 447
Figure 3.43 Stage 3a: Transport of Imported Apples to Distribution Centres
per kg product
Source Distance Energy C02 CO HC NOx PM
MJ grammes
To Regional Distribution Centre at St. Helens: systems 1-4
min Dover 
max Sheemess 
average Liverpool
449 0.333 
403 0.299 
23 0.017
19.15
17.19
0.98
0.088
0.079
0.005
0.010
0.009
0.0005
0.293
0.263
0.015
0.024
0.022
0.001
To Wholesale MArket at Liveroool: svstems 5-8
min Dover 
max Sheemess 
average Liverpool
460 0.341 
414 0.307 
10 0.007
19.62
17.66
0.43
0.090
0.081
0.002
0.010
0.009
0.0002
0.300
0.270
0.007
0.025
0.022
0.024
To Regional Distribution Centre at Snodland : systems 1-4
min Dover 57 0.042 2.43 0.011 0.001 0.037 0.003
max Sheemess 40 0.030 1.71 0.008 0.001 0.026 0.002
Average Felixtowe 138 0.102 5.89 0.027 0.003 0.085 0.007
To Wholesale Market at London: systems 5-8
mm
max
average
Dover
Sheemess
Felixtowe
118
78
130
0.087
0.058
0.096
5.03 0.023 0.003 0.077 0.006
333 0.015 0.002 0.051 0.004
5.54 0.025 0.003 0.085 0.007
Data source: Figure 3.42 and Appendix 3.6
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Figure 3.44 Stage 3b: Transport of British Grown Apples to Distribution Centres
per kg apples
Source Distance Energy
MJ
C02 CO HC
grammes
NOx PM
To Regional Distribution Centre at St Helens; systems 9-12
maximum Kent 441 0327 18.81 0.086 0.0099 0.296 0.0236
K average 330 0.245 14.07 0.057 0.0074 0.225 0.0177
a minimum Worcestershire 166 0.123 7.08 0.065 0.0037 0.118 0.0089
To Wholesale at Liveroool : svstems 13-16
§ maximum Kent 447 0331 19.06 0.088 0.0101 0.292 0.0239w average 342 0.253 14.59 0.067 0.0077 0.223 0.0183
minimum Worcestershire 176 0.130 7.51 0.034 0.0040 0.115 0.0094
To Regional Distribution Centre at Snodland : svstems 9-12
maximum Linconshire 300 0.222 12.76 0.059 0.0068 0.196 0.0094
average 123 0.091 5.25 0.036 0.0028 0.080 0.0072
iz; minimum Kent 30 0.022 138 0.006 0.0007 0.020 0.0045o
H To Wholesale Markets in London : svstems 13-16
g maximum Linconshire 230 0.170 9.81 0.045 0.0052 0.150 0.0123
W average 174 0.129 7.42 0.034 0.0039 0.114 0.0093
minimum Kent 88 0.065 3.75 0.017 0.0020 0.057 0.0047
To Depot at Forrest Hilltbox scheme) : svstems 17 and 18
maximum West Sussex 120 0.089 5.12 0.024 0.0027 0.078 0.0064
average 100 0.074 4.27 0.020 0.0023 0.065 0.0054
minimum Kent 80 0.059 3.41 0.016 0.0018 0.052 0.0043
Data source: Figure 3.42 and Appendix 3.6 
Figure 3.45 Values used for stage 3: to distribution centre
Energy Consumption ( MJ/ kg apples ) * 
BRIXTON DENBIGH
TESCO MARKET SOMERFIELD ROBERTS
Minimum ImportedBritish
0.042 (4) 
0.022 (4)
0.087(11) 
0.065 (22)
0.333 (13) 
0.123 (7)
0.341 (19) 
0.130 (11)
Average ImportedBritish
0.102(2) 
0.091 (5)
0.096 (3) 
0.129 (14)
0.017 (0.3) 
0.245 (6)
0.007(0.2) 
0.253 (12)
Maximum ImportedBritish
0.030 (0.3) 
0.222(4)
0.058(1)
0.170(14)
0.299 (2) 
0.327 (2)
0.307(3) 
0.331 (7)
*percentage of total transport system energy consumption, when shopping by car and waste taken to landfill, in parentheses
Figure 3.46 The distance from distribution centre to retail outlet
Distance to Distribution Centre ( km) 
BRTXTON_________________   DKNBTGH
TESCO
100
MARKET
6
SOMERFIELD
194
ROBERTS
168
137
Figure 3.47 Stage 4: Transport to Retail Outlet
per individual journey
Destination Source Distance Vehicle Energy CX>2 CO HC NOx
km MJ grammes
PM
DENBIGH
SOMERFIELD
ROBERTS
MARKET
ROLANDS
BRIXTON
TESCO
MARKET
St. Helens 
Liverpool 
Liverpool 
Llandymog
194
168
168
14
Snodland 100 
Covent Garden 6
HGV
LGV
LGV
LGV
HGV
LGV
29113
5793
5793
483
1610.4
20.6
167498
33240
33240
2768
92500
1176
788.1
124.1
124.1 
10.5
490.5
5.1
92.8
66.6
66.6
5.6
64.5
2.9
2556.5
211.2
211.2
17.7
1387.5
8.1
213.9
43.9
43.9 
3.7
129.5
1.7
per 1% apples
Destination Apples Total Vehicle Energy CQ2 CO HC NOx PM
kg MJ grammes
DENBIGH
SOMER­ min 55 676 HGV 4307 247.8 1.166 0.137 3.782 0316
FIELD av. 110 1351 2.155 124.0 0.583 0.069 1.892 0.158
max 184 2260 1.289 74.1 0349 0.041 1.131 0.095
ROBERTS min 37 454 LGV 1376 73.2 0.273 0.147 0.465 0.097
av. 55 676 0.857 493 0.184 0.098 0312 0.065
max 74 909 0.637 36.6 0.136 0.073 0.232 0.048
MARKET min 37 454 LGV 1.276 73.2 0.273 0.147 0.465 0.097
av 55 676 0.857 49.2 0.184 0.098 0312 0.065
max 74 909 0.637 36.6 0.136 0.073 0.232 0.048
ROLANDS min 37 454 LGV 0.106 6.1 0.023 0.012 0.028 0.006
av 55 676 0.071 4.1 0.015 0.008 0.026 0.005
max 74 909 0.053 3.0 0.012 0.006 0.019 0.004
BRIXTON
TESCO min 100 1228 HGV 1311 75.4 0399 0.053 1.132 0.105
av 200 2456 0.656 37.7 0.200 0.026 0.566 0.053
max 450 5527 0.291 16.7 0.089 0.012 0.251 0.023
MARKET min 37 454 LGV 0.045 2.6 0.011 0.006 0.018 0.004
av 55 676 0.030 1.7 0.008 0.004 0.012 0.003
max 74 909 0.023 1.3 0.006 0.003 0.009 0.002
Data source: Figure 3.46 and Appendix 3.6 
Figure 3.48 The energy consumption of stage 4: from distribution centre to retail outlet
Energy Consumption ( MJ/ kg apples ) *
BRIXTON DFNBTGH
TESCO MARKET SOMERFIELD ROBERTS
Minimum
Average
Maximum
0.291 (29-55) 
0.656 (15-35) 
1.311 (13-22)
0.023 (3-8) 
0.030 (1-3) 
0.045(1-4)
1.289 (52-72) 
2.155 (33-52) 
4.307 (24-33)
0.637 (35-55) 
0.857(19-39) 
1.276 (14-28)
^Percentage o f total system energy in parentheses, with the first figure 
second the percentage for British produce (systems 9 and 13).
for imported produce (systems 1 and 5) and the
Data source: Figure 3.47
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Figure 3.49 Shopping trip frequency, distances and mode of transport to retail outlets in 
Denbigh and Brixton
OUTLET _________ PERCENTAGE__________  DISTANCE OF AVERAGE NUMBER OF
SHOPPING PUBLIC WALKING or SHOPPING TRIP (km) TRIPS PER WEEK 
BY CAR TRANSPORT CYCLING maximum average minimum
5 SOMERFIELD 78 10 12 20 5 2 2.4ROWLANDS 48 18 34 6 3 2 1.9
ROBERTS 52 18 30 6 3 2 1.8
TESCO 68 16 16 8 3 1 2.1
MARKET 22 32 46 3 2 1 2.9
Data source: Survey Data (see Section 3.8.4)
Figure 3.50 Shopping and home delivery in Denbigh
Denbigh: Shopping by car per%
Distance*
(km)
* ENERGY CO2 CO HC NOx PM
MJ grammes
i. Maximum Somerfield 20 8.26 396.6 27.8 4.162 5.131 -----
Roberts/Rolands 6 2.67 126.4 10.0 1.482 1.539 —
ii. Average Somerfield 5 1.58 85.5 3.6 0.244 0.167 —
Roberts/Rolands 3 0.99 513 2.6 0.179 0.113 ---
iii. Minimum All outlets 2 0.35 17.1 0.06 0.007 0.043 0.017
Denbigh: Home Delivery (iv) perl^
MASS ENERGY CO2 CO HC NOx PM
FRACTION* MJ grammes
Maximum 0.010 0.345 19.8 0.075 0.041 0.127 0.026
Average 0.005 0.173 9.9 0.038 0.021 0.064 0.013
Minimum 0.003 0.115 6.6 0.025 0.014 0.042 0.009
i Large petrol no catalytic convertor; ii Medium Petrol with catalytic convertor; iii Small diesel car; iv diesel LGV
** For maximum, minimum and average distances refer to Figure 3.49.
* Distance is constant at 10km, mass fraction of 1kg apples.
Data source: Figure 3.49 and Appendix 3.6
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Figure 3.51 Shopping by car and home delivery in Brixton
Brixton: Shopping by car per kg
Distance** ENERGY CO2 CO HC NOx PM
(km) MJ grammes
i. Maximum Tesco 8 4.30 196.8 19.6 2.87 2.04 —
Pick-up 4 2.15 98.4 9.8 1.43 1.02 —
Market 3 1.61 73.8 7.4 1.08 0.76 —
ii. Average Tesco 3 1.04 51.3 3.07 0.21 0.13 —
Market 2 0.69 32.6 2.05 0.14 0.08
iii. Minimum Both 1 0.19 11.1 0.054 0.0065 0.03 0.017
Brixton: Home Delivery perl^
MASS ENERGY CO2 CO HC NOx PM
FRACTION* M l grammes
Minimum 0.0025 0.086 4.9 0.021 0.012 0.034 0.007
Average 0.0033 0.114 6.5 0.028 0.016 0.045 0.009
Maximum 0.0050 0.171 9.8 0.043 0.024 0.068 0.014
i Large petrol no catalytic convertor il Medium Petrol with catalytic convertor iii Small diesel car.
** For maximum, minimum and average distances refer to Figure 3.49.
* Distance is constant at 10km, mass fraction of 1kg apples.
Data source: Figure 3.49 and Appendix 3.6 
Figure 3.52 Energy consumption of home delivery and shopping by car
Energy Consumption ( MJ/ kg apples ) *
BRIXTON DENBIGH
HOME DELIVERY TESCO MARKET HOME DELIVERY SOMERFIELD ROBERTS
Minimum
Average
Maximum
0.086
0.114
0.171
0.190 (2.2) 
1.040 (9.1) 
4.300(25.2)
0.190(2.2)
0.690(6.1)
0.800(4.7)
0.115 0350(3.0) 
0.173 1.580(9.1) 
0345 8.260(23.9)
0.350(3.0)
0.990(5.7)
2.670(7.7)
*Ratio of shopping by car to home delivetyshown in parentheses
Data source: Figures 3.50 and 3.51
Figure 3.53 Shopping using different car types and by bus
Energy Consumption
Car (MJ/kg apples-km) Ratio 1* Ratio 2**
Small Diesel 0.176(0 - 3.2
Medium Petrol (with catalytic convertor) 0.298(ii) 1.7 5.4
Large Petrol (without catalytic convertor) 0.406(ii0 2.3 7.4
Small Diesel 0.193 3.5
Medium Petrol (with catalytic convertor) 0.345 1.8 6.3
Large Petrol (without catalytic convertor) 0.537 2.8 9.8
Is
i. first two kilometres in ‘built-up’ or urban eonditions therefore energy consumption = 0.176*distance+0.034
ii. as above, energy consumption = 0.2959*distance+0.0982
iii. as above, energy consumption = 0.3987*distanee+0.278
* Ratiol is the energy consumption of the two larger vehicles compared to the small diesel.
** Ratio 2 is that of each car compared to shopping by bus; 0.055 MJ/kg apples-kilometre.
Data source: Appendix 3.6
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Figure 3.54 Energy consumption of shopping by different means
30
%a
%ad
%
Ow
H
&
5%
;zio
u
Pw
Ü
20  —
10
—@ Large Petrol  (Denbigh)
H Medium Petrol  (Denbigh)  
—0— Small  Diesel (Denbigh)
—♦ Lerge Petrol  (Brixton)
Q Medium Petro l  (Brixton)  
Small  Diesel (Brixton)
Bus
10 20 30 40 50
Distance (km)
Data source: Figure 3.6.9 in Appendix 3.6
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Figure 3.55 Waste Management in Denbigh
Denbigh per 1% product
Destination Source Distance Energy CQ2 CO HC NOx PM
km MJ grammes
Transfer Station Denbigh 40 0.235 13.49 0.080 0.0114 0.1987 0.0206
Landfill Transfer 42 0.073 4.19 0.025 0.0035 0.0617 0.0064
Total (maximum) 0.308 17.68 0.105 0.0149 0.2604 0.0270
Total (average) 0.031 1.77 0.011 0.0015 0.0260 0.0027
Total (minimum) 0.102 5.83 0.036 0.0050 0.0858 0.0089
Data source: Appendix 3.6
Figure 3.56 Waste Management in Brixton
Brixton per kg product
Destination Source Distance Energy C02 CO HC NOx PM
km MJ grammes
Transfer Station Brixton 30 0.176 10.12 0.060 0.0086 0.149
Landfill Transfer 125 0.053 3.75 0.015 0.005 0.05 -----------
Total (maximum) 0.229 13.87 0.075 0.0136 0.199
Total (average) 0.076 4.58 0.0248 0.00449 0.0657 -----------
Total (minimum) 0.023 1J87 0.0075 0.00136 0.0199 — -
Figure 3.57 The energy consumption of imported and British grown product up to distribution 
centre
g
Retail Outlet Imported British Ratio
SOMERFlFIJDminimiim 0.805(32.6-38.5%) 0.123(6.9-8.7%) 6.5
ROBFRTSminimum 0.813(44.4-56.1%) 0.130(11.3-16.9%) 63
SOMERFlELDaverage 2.610(40.5 - 54.7%) 0.245(6.0-10.2%) 10.7
ROBERTSaverage 2.601(57.1-75.1%) 0.253(11.5-22.8%) 103
S/FEFEDmaximum 4.866(27.4 - 53.0%) 0.327(2.5 - 7.1%) 14.9
ROBERTSmaximum 4.874(53.4-79.3%) 0.331(7.2 - 20.6%) 14.7
TFSCOmînimum 0.514(50.5-63.9%) 0.022 ( 4.2 - 7.0%) 23.4
MARKElmimmum 0.559 ( 70.3 - 96.0%) 0.065 ( 21.6 - 73.9%) 8.6
i'FSCOaveragc 2.695(60.3 - 80.4%) 0.091(4.9-12.2%) 29.6
MARKETaverage 2.689(77.2-98.9%) 0.129(13.9-81.1%) 20.8
TESCOmaximum 4.597(44.0 - 77.8%) 0.222(3.7-14.5%) 20.7
MARKEFmaximu m 4.625(81.1-99.0%) 0.170(13.7-79.1%) 27.2
Note: for imported produce the first figure shown in parentheses refers to the percentage for the first three stages of the 
total energy consumption of that system if shopping is by car and any waste is transported to landfill (i.e. systems 1 and 5) 
and secondly if shopping is not carried out by car and the waste product is composted (i.e. in the latter case if there are no 
stages 5 and 6 i.e. systems 4 and 8, Appendix 3.3).
For British grown produce the first figure in parentheses is the percentage which stage three represents of the total 
energy consumption (systems 9 and 13) and the second figure, as above, if stages five and six are not included (systems 12 
and 16, Appendix 3.3).
Data source: Appendix 3.11_______
Figure 3.58 The number of stages for British and imported apples up to distribution centre
STAGE
IMPORTED APPLES: 
BRITISH APPLES:
1
TO PORT OF DEPARTURE -
2 3
— ► TO BRITAIN----- ► TO DISTRIBUTION CENTRE
----- ► TO DISTRIBUTION CENTRE
Figure 3.59 Energy consumption as a factor of the source of the product
GLOBAL NATIONAL LOCAL HOUSEHOLD
ENERGYminimum 1.83-2.47 1.15-1.79 0.15-0.43 0.03
ENERGYaverage 4.55 - 6.45 2.20-4.08 0.28 -1.16 0.10
ENERGYmaximum 9.13 -17.75 4.59-13.20 0.65-3.08 0.31
1.83 -17.75 1.15-13.20 0.15-3.08 0.03 - 0.31
ii. Denbigh: shopping not by car and waste composted
GLOBAL NATIONAL LOCAL HOUSEHOLD
ENERGYminimum 1.45-2.09 0.77-1.41 0.053 - 0.120 0
ENERGYaverage 3.46 - 4.77 1.11 - 2.40 0.071 -0.170 0
ENERGYmaximum 6.15-9.18 1.61 - 4.63 0.106-0.350 0
1.45-9.18 0.77-4.63
iii. Brixton: shopping by car and waste taken to landfill 
GLOBAL ►  NATIONAL
0.053 - 0.350
LOCAL HOUSEHOLD
ENERGYminimum 0.795 -1.018 0.168 - 0.526 0.213 0.023
ENERGYaverage 3.485-4.466 0.159 -1.863 0.766 0.076
ENERGYmaximum 6.509 -10.437 0.489 - 6.062 2.379 0.229
0.795 -10.437 0.168 - 6.062 0213 - 2.379 0023 - 0.229
iv. Brixton: shopping not by car and waste composted
GLOBAL-
ENERGYminimum
ENERGYaverage
ENERGYmaximura
0.582 - 0.805 
2.719-3.350 
4.670-5.908
NATIONAL
0.088 - 0.313 
0.159 - 0.747 
0.215 -1.533
LOCAL
0
0
0
HOUSEHOLD
0 
0 
0
0.582-5.908 0.088 - 1.533
Based on data from Appendix 3.11
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Figure 3.60 Summary of the results
GLOBAL NATIONAL LOCAL HOUSEHOLD
(ij Energy Consumption 1.45-17.75 0.77 -13.20 0.053-3.08 0 - 0.31
0  Carbon Dioxide 85.4 -1000.8 44.1 - 680.9 3.0 -150.2 0 -17.7
%  Carbon Monoxide 0.338-30.19 0.17 - 29.16 0.012 -10.13 0 - 0.11
^  Hydrocarbons 0.096 - 4.563 0.077 - 4.324 0.006 -1.51 0 - 0.015
y  Particulates 0.098-2.636 0.057-0.367 0.004 - 0.033 0 - 0.027
Q  Nitrogen Oxides 1.039 -19.95 0.347 - 9.23 0.002 -1.59 0 - 0.02
JZJ Energy Consumption 0.582 -10.437 0.088 - 6.062 0-2.379 0-0.229
O Carbon Dioxide 35.51-609.39 5.05 - 298.83 0 -112.27 0 -13.87
H  Carbon Monoxide 0.137-21.12 0.023 - 20.133 0-9.875 0-0.075
y  Hydrocarbons 0.0189-3.179 0.005 - 2.944 0 -1.444 0 - 0.0136
y  Particulates 0.033-2.393 0.007 - 0.1299 0 - 0.0155 0-0.0155
PQ Nitrogen Oxides 0.593 -13.903 0.066-3.566 0 -1.219 0 - 0.199
Based on data from Appendix 3.11
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Figure 3.61 Transport energy consumption and product source 
i. DENBIGH
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GLOBAL NATIONAL LOCAL HOUSEHOLD
PRODUCT SOURCE
ii BRIXTON
t  15
IIa. bj>
i i » "
II
m J 5
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minimum average m aximum m inimum  average maxim um minimum average maxim um  I minimum  average m axim um
GLOBAL NATIONAL LOCAL HOUSEHOLD
PRODUCT SOURCE
Note: The shaded area represents the range of values for the energy consumed by each sourcing option. The values 
do not begin at zero in all cases, for example, if imported there will be a minimum energy consumption of 1.45 
MJ/kg apples in Denbigh. This plot is based on data from Appendix 3.11 which is summarised in Figure 4.10.
Based on data from Appendix 3.11
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Figure 3.62 Transport energy consumption by retail outlet or other marketing systems.
■ ■  COMPLETE RANGE -  -  
r v V i MINIMUM
nrm a v e r a g e
MAXIMUM
18
16
S
14
10
8
6
4
2
1 .1  PI.-IB
Homegrown
0
Box Scheme Local Homegrown
BRIXTON_________________
MarketRowlands
DENBIGH
TescoSomerfield Roberts
Based on data from Appendix 3.11
Figure 3.63 The emissions per unit of energy consumption for different modes of transport
Grammes per MJ energy consumed
C02 CO HC PM NOx
Shipping 72.2 0.22 0.06 0.56 2.50
Truck 57.6 0.26 0.03 0.07 0.88
Large petrol car (urban) 45.7 4.56 0.67 - 0.47
Large petrol car (national) 48.4 3.18 0.48 - 0.65
Medium petrol car (urban) 49.6 2.97 0.20 - 0.13
Medium petrol car (national) 52.0 1.74 0.12 - 0.09
Small diesel car (urban) 57.4 0.28 0.03 0.08 0.18
Small diesel car (national) 57.6 0.22 0.03 0.07 0.19
Home dehvery (urban) 57.3 0.25 0.14 0.08 0.39
Home delivery (national) 57.4 0.21 0.11 0.07 0.36
Waste management (D) 57.4 0.34 0.05 0.09 0.84
Waste management (B) 60.6 0.33 0.06 0.07 0.87
Maximum 72.2 4.56 0.67 0.56 2.50
Minimum 45.7 0.21 0.03 0.07 0.09
Based on data from Appendix 3.6
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Figure 3.64 The complete range of values for transport energy consumption in relation to 
product source
i. DENBIGH .
20
15-
Energy Consumption 
(Megajoules (MJ) per 
kilogram of apples) 10
5 -
] L
GLOBAL I NATIONAL | LOCAL | HOUSEHOLD  
PRODUCT SOURCE
ii. BRIXTON
1 5 -
Energy Consumption 
(Megajoules (MJ) per 
kilogram of apples) 10
5 -
GLOBAL I NATIONAL LOCAL HOUSEHOLD
PRODUCT SOURCE
Based on data from Appendix 3.11
147
CHAPTER 4: DISCUSSION
4.1 Introduction
In this chapter the results are analysed and discussed in relation to the thesis as a whole.
The empirical data will be assessed in relation to:
a. The main problem areas, which have been described as:
i. an increasing transport intensity within the Food Supply Chain (FSC) which has been 
separated into the following transport segments: international transportation; road freight 
distribution in Britain; and the car use associated with shopping trips^ .^
ii. Britain’s food trade deficit; increasing apple (and other fruit and vegetable) import levels over 
the past few decades; decreasing output in the UK apple sector and the British horticultural 
sector as a whole; and the relationship between these trends and the transport intensity of the 
FSC.
iii. changes which have occurred in retail sourcing and distribution systems and also the size and 
location of retail outlets. These changes have influenced the transport demand within all three 
areas in (i).
b. The research objectives and the hypotheses which are outlined in chapter 1.
c. The concept of sustainable development and the aim of providing an approach in which 
‘environmental sustainability can be quantified against a specific objective.’
In Sections 4.2 to 4.2.4 the environmental impact of the global sourcing of dessert apples will be 
assessed. This will highlight the environmental burdens that could be avoided if a policy of national 
self-sufficiency in this product were adopted. At present the external environmental costs associated 
with international trade are omitted from both trade theory and policy, and the greenhouse gas 
emissions associated with trade-related transportation are not attributed to the countries exporting 
or importing the products in question. Therefore, the significance of the fossil-fiiels consumed and 
the greenhouse gases emitted, in a given year when importing apples, and all other fresh finit and 
vegetables, are determined and compared to the transport sector within the UK and to the UK 
economy as a whole. The annual energy and material throughput associated with fresh produce 
imports will be discussed in relation to one of the objectives of this dissertation: to highlight the 
transport lifecycles which minimise the thermodynamic throughput associated with a given human 
nutritional need.
The alternative to high levels of fresh produce imports is for Britain to become more self-sufficient 
in fruit and vegetables. This would require a shift in commercial and non-commercial cultivation to 
a greater diversity in finit and vegetable products (and in the varieties of each product that are 
cultivated), so that a uniform supply is achieved as different varieties are harvested at different times 
(assisted by both traditional and modem storage techniques) to provide year-round availability. The 
feasibility of Britain becoming self-sufficient in dessert apples, and the changes that this would 
require, are discussed in Section 4.3.
In Chapter 2 the European Union (EU), World Trade Organisation (WTO) and British government 
policies and the policies of retailing and importing organisations that have moulded the 
contemporary Food Supply Chain (FSC) and the apple industry in particular, were described. 
Section 4.2.2 will assess the economic and social impacts of international trade. Issues such as the 
gmbbing-up of orchards in Britain, Britain’s considerable food trade deficit in fresh produce, and
^  Including the external social and environmental costs associated with increases in these areas.
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the effect on employment in the commercial apple-producing areas in Britain will be discussed 
briefly.
In Section 4.4 the results of the micro analysis in Denbigh and Brixton will be considered. The 
stages and systems which have the greatest and the minimum energy consumption will be 
highlighted and comparisons made between all stages and the systems which they form.
In Section 4.6 the nutritional energy content of apples and the transport energy consumption 
associated with apple sourcing and distribution are compared, and Section 4.7 considers the energy 
consumption of apple cultivation and packaging and the transport energy consumption, for each 
product life-cycle.
Sections 4.11 and 4.12 relate the empirical results to the goal of sustainable development and 
minimising the energy and material throughput of production and distribution systems and the 
hypothesis - that this goal will only by achieved if fi*esh foods are cultivated for local consumption - 
will be tested. Additionally, the systems which comply with the reductions in carbon dioxide 
emissions and the factor-10 reduction in thermodynamic throughput called for by the 
Intergovernmental Panel on Climate Change (IPCC) and Schmidt-Bleek (1993), respectively, will 
be determined. Finally in Sections 4.12 and 4.13 means/end analysis will then be evaluated as a tool 
to assess the environmental impact of production and distribution systems and as an instrument to 
indicate which systems comply with criteria for sustainable development.
4.2 The external environmental impacts associated with trade-related transport, and the 
social and economic impacts of high levels of imported apples and other fresh produce, 
in terms of the decline of the UK horticultural sector and Britain’s food trade deficit.
4.2A The external environmental costs associated with international trade
One of the main criticisms which is made of international trade, fi*om an environmental perspective, 
is that the environmental impacts of trade-related transport are not considered in either trade theory 
or trade policy (Daly and Cobb, 1990; Ekins, 1993; Lang and Hines, 1993). Institutions such as the 
World Trade Organisation (which replaced GATT) and the companies which are involved in 
international trade have also to a large extent ignored the environmental burdens associated with 
the transportation of goods. Whalley (1991) has observed that ‘Our global trade institutions have 
evolved as if there were no environmental linkages to trade’ and Weizsacker et al. (1998) have 
recognised that ‘Neither the World Bank, the Earth Summit nor the Uruguay Round of GATT 
(1986-1994) addressed the issue of trade and the environment... Governments and fi*ee-trade 
advocates don’t usually see any serious conflict arising between fi*ee trade and the environment’.
The results of this analysis, however, show that the transportation associated with apple imports 
each year involves significant levels of fossil-fuel energy consumption and is also a major source of 
air pollutant emissions^^. A summary of the environmental burdens associated with apple imports is 
provided in Figure 4.1 together with an estimate for all fresh fruit and vegetable products and the 
relationship to the total UK energy consumption and air emissions (Figure 4.2). These burdens 
could be avoided if British produce replaced these imports, and this option will be discussed further 
in Section 4.3. Transportation by road and sea^  ^requires derivatives of crude oil, a finite resource. 
In addition to the imminent depletion of oil reserves there may be more pressing problems 
associated with the environmental damage caused by the use of this fixel (Jacobs, 1993). The global 
warming potential of carbon dioxide emissions and the human health effects of air pollutants, are
See the results of the macro and the micro analyses which are presented in section 3.11, 3.14 and 3.15.
^  These are the modes used to transport apples to Britain. Air freight is used to import other fruit and vegetable 
products such as beans and strawberries.
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only two of the direct consequences of the transport stages involved in international trade which 
makes the use of oil derivatives unsustainable. Both of these impacts are at present considered as 
‘external’ costs and are, therefore, overlooked to a large extent when sourcing and distribution 
decisions are made. Indeed, Andersson (1996) has noted that food production and distribution 
systems are ‘optimised to satisfy economic criteria’ and that ‘environmental aspects have not been 
central’.
The results of this study support the results and conclusions of other studies which have shown that 
the transport-related environmental impacts of international trade are significant in terms of the 
consumption of finite resources, the emission of pollutants and the goal of sustainable development. 
The analyses of Cowell and Clift (1996) and Kranendonk and Bringezu (1993) in particular, have 
demonstrated that the energy consumption associated with trade-related transportation is a factor 
which can no longer be avoided when issues surrounding trade and sustainable development are 
discussed.
Additionally, when the whole transport life-cycle of dessert apples is assessed (i.e. the micro 
analysis, in the situation where apples are imported) the energy consumption for transportation of 
apples up to the port entry of into Britain accounts for 46-98% and 19-74% of the total transport- 
related energy consumption when imported apples are consumed in Brixton and Denbigh, 
respectively (see Sections 3.13.2 and 3.14). The energy saving for British grown apples over 
imported apples, up to the same distribution centres, ranges fi*om a factor of 6.3 to over 14 in 
Denbigh, 0.68-4.54 MJ per kilogram of apples. In Brixton a policy of national self sufficiency 
would result in a similar energy saving of between 0.49 and 4.49 MJ per kilogram of apples; in all 
but one case a factor of more than 20 less energy is consumed for the distribution of British grown 
apples (Figure 3.57). Therefore, in terms of the factor-10 reduction in energy and material 
throughput called for by Schmidt-Bleek (1993), national self-sufficiency in apples would meet this 
requirement in 9 out of the 12 transport systems assessed in Figure 3.57. In all systems, UK self- 
sufficiency in apples would result in an energy reduction by a factor of at least 6, with a factor of 
over 10 less energy consumed by British sourced apples in 9 of the 12 systems analysed.
Fewer than two in ten apples consumed in Britain are now grown in Britain compared with six out 
of every ten in 1960. Since 1950 the transport-related environmental impacts associated with apple 
imports (up to port of entry in Britain) has increased by almost a factor of four as the quantity of 
apples imported by Britain has increased fi*om 119 thousand tonnes in 1950 to 452 thousand tonnes 
in 1996, as shown in Figures 4.1 and 2.14. Similarly, fruit imports more than tripled and vegetable 
imports more than doubled between 1952 and 1996, from 804 thousand tonnes to 2553 thousand 
tonnes and from 568 thousand tonnes to 1349 thousand tonnes, respectively (Figures 2.12 and 
2.13). Thus the transport-related environmental impacts associated with finit imports have 
increased by a factor of 3.2 and a factor of 2.4 for vegetable imports since 1952. What this means is 
that as imports increase the environmental impacts associated with meeting the same need of 
nutrition also increase. Even i f  the current distribution systems within Britain remain the same, if a 
policy of British sourcing and self-sufficiency in apples and other indigenous finit and vegetables is 
implemented, the environmental burdens associated with meeting this particular need are reduced 
significantly. National self-sufficiency can, therefore, be described as a more sustainable way of 
meeting the human need for nutrition (see research objectives 4 and 11 in Section 1.7)
In Sections 4.8.2, 4.13 and 4.9 these issues will be discussed further in relation to the goals of 
minimising the energy and material throughput of distribution systems and developing sustainable 
distribution systems. In Section 4.2.4 the effect on the price of imported apples if these ‘external’ 
costs were internalised are estimated. In the following section the social and economic aspects of 
displacing UK horticultural produce with imports are discussed briefly.
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4.2.2 The decline of the UK horticultural sector, and Britain^s food trade deficit and the social 
and economic aspects associated with imports of dessert apples and other fresh produce
From the point of view of the importing nation, in this case Britain, there are several consequences 
of international trade. Perhaps the most significant outcome of changes in apple production and 
sourcing over the last fifty years has been a decline in number of both commercial and non­
commercial orchards, in both traditional growing areas such as Kent, Somerset, Devon and 
Worcestershire and across Britain as a whole.
The trend of increasing apple (and other fi-esh produce) imports displacing British produce, was 
discussed in Part b of chapter 2, and during the last 30 years has resulted in a significant decrease in 
UK apple (and other finit and vegetable) production; in the cropped area of dessert apples; and a 
90% reduction in the total number of UK commercial and non-commercial orchards since 1945 
(Common Ground, 1998). The process of ‘grubbing up’ orchards continues and between April and 
June 1998 a further 310 hectares of apple and pear orchards have been lost under the EU scheme 
and applications to ‘grub up’ orchards continue to be submitted (Common Ground, 1998).
The loss of 90% of all orchards highlights the consequences of a move away fi*om local commercial 
and non-commercial sourcing of apples fi"om small mixed-orchards (which was discussed in chapter 
2). This has resulted in increased transport demand to satisfy the same need for the delivery of a 
product, apples in this instance, to the consumer. Many traditional local apple varieties have also 
been lost and are now grown only at the national collection at Brogdale in Kent. When apple 
orchards are ‘grubbed’ the vitality of the local economy is adversely affected owing to increased 
unemployment and also the ability to produce marketable produce to sell within and outside of the 
local economy, if not replaced by another crop (Cornwall County Council, 1994). Thus, the 
dependency on products (and employment) fi’om outside the locality or region is increased, as is 
support fi"om central government if former employees are unable to find alternative work (Cornwall 
County Council, 1994). The Agriculture Committee of the House of Commons has emphasised the 
role of horticulture in supplying local employment:
“In June 1993 there were 59,942 workers, including farmers and their spouses, on specialist horticultural holdings 
in the UK, approximately 9.6 per cent of the total agricultural labour force. During peak harvesting periods the use 
of additional seasonal and casual labour pushes employment in horticulture much higher still with extremely 
important implications for the local economies of horticultural areas, although precise figures are not available. 
Effectively, therefore, employment statistics underestimate the economic importance of horticulture” (HCAC, 
1995).
It is, however, on a national level, at present, that most emphasis is placed concerning the level of 
economic activity and how this is measured. Thus flows (both monetary and trade) in and out of a 
nation are covered in national statistics but similar analyses are not carried out on either a local or a 
regional level. If  financial flows within, and in and out of a location (community or region) relating 
to a particular product or ‘need’ were determined, then this would provide an interesting insight 
into the local and regional economic impacts associated with the ‘grubbing up’ of apple orchards 
and the operations of the multiple retailers and all of the alternatives, considered in this study, in the 
provision of fi-esh produce. This implies an economic and social as well as an environmental 
means/end analysis which will be discussed further in Section 4.12.
In economic terms and on a national level the UK has come to rely increasingly on imported foods 
and this displaces UK agricultural production. In Britain in 1993 the food trade deficit had risen to 
£6.7 billion and in total imports of dessert apples amounted to a financial flow of £184.6 million out 
of Britain (Figure 1.9). Apart firom the environmental impacts, discussed above, Britain’s large food 
trade deficit is of concern because of the dependency on both the imported produce which this 
represents and also on the fossil oil fuel used in transporting this produce. If  a situation arose in
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which the cost or supply of food imports suddenly changed then Britain would be in a difficult, but 
not unforeseen position. These circumstances could unfold in a number of ways, for example, if  oü 
prices were to rise sharply as they did twice in the 1970’s, if  Britain experienced an economic 
recession or even depression, or if  there was a crop failure in one or all of the exporting countries.
4.2.3 The influence of transport and transport policy on the trend towards a move from local to 
national and then global sourcing
As the processes of specialisation and large scale production for export have intensified, the spatial 
range of the food system has been extended over time as products which were once sourced and 
marketed locally and regionally were sourced nationally and eventually globally, as discussed in 
Sections 2.4 and 2.5. Access to national and international markets requires cheap and efficient 
transportation and the road and motorway network within Britain has received considerable 
investment over the last 40 years as it has continually been expanded and maintained^^. This has 
enabled economies of scale to be achieved in agriculture, food processing and retailing and has 
resulted in a distance-intensive food supply chain (Whitelegg, 1994)^ ®®.
Further rationalisation and reorganisation then occurred as food production and retailing systems 
moved fi-om a position where they served national markets to one where they served international 
markets. This final stage was facilitated in Europe when Britain became a full member of the 
European Common Market in 1973 followed by investment in the Trans-European Road Network 
(TERN) as part of the European Single Market, and on a global level by a commitment to 
international free trade in the form of the World Trade Organisation (WTO). The TERN is aimed at 
increasing trade in the European Single Market by building up routes for lorry traffic, filling in 
‘missing links’, relieving bottlenecks and linking up peripheral member states with the rest of 
Europe’ (Whitelegg, 1994). With the decline of railways, food distribution within Britain and for 
products sourced from the European mainland is now predominantly by road (the most 
environmentally damaging form of freight distribution apart from air freight). In terms of 
international road freight transport, imports to Britain arriving by lorry increased from 2,334 
thousand tonnes in 1984 to 6,732 thousand tonnes in 1994 (an increase of 188%) and from 2,095 
billion tonne-kilometres in 1984 to 7,216 billion tonne-kilometres in 1994 (an increase of 244%), 
with almost all of these imports arriving from EU countries (DoT, 1995). The trebling o f road 
freight transport imports by Britain, when expressed in tonne-kilometres, over only a ten year time 
span, and the increases associated with fresh produce and apple imports from Europe by road which 
have been quantified in this analysis, are a direct result of European Union integrational policies 
such as the Trans-European Road Network (TERN) and Single Market policies (see Appendix 
2.1). The 244% increase in road-freight imports (in tonne-kilometres) has been accompanied by a 
245% increase in Britain’s road freight exports (in tonne kilometres). Therefore in just 10 years the 
road freight transport associated with Britain’s international trade has increased five-fold. This
^  See Appendix 2.1.
For example, in Britain between 1978 and 1993 the amount of food products being transported remained largely 
static, but the distance which these foodstuffs were transported increased by 50 per cent (Paxton, 1994). Almost all 
food distribution within Britain (of British and imported foodstuffs) is by road: in 1993, of the 40 billion torme- 
kilometres associated with the movement of agricultural and food products, 98 per cent of all journeys were by road 
(Section 2.5,2.8 and 2.9 and Appendix 2.1).
The policies of creating a Europe-wide motorway network and encouraging Southern European states to trade 
their products across the EU have inevitably resulted in a significant expansion in road freight and particularly in 
long-distance truck movements (Appendices 2.1 and 4.3). Greece, Italy, Spain and Portugal did not export large 
quantities of apples to the UK in the year in which the data was collected for this analysis (1993). Other fresh fruit 
and vegetable products are, however, sourced by Britain from these countries in large quantities (Figure 3.31). One 
example of the road freight demand associated with long distance transportation within Europe is that of importing 
apples from France in 1993 which resulted in 141 million tonne-kilometres of truck movements, up to the port of 
departure.
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means that the fossil oil consumption, carbon dioxide, nitrogen oxides and particulate matter 
emissions associated with international road freight movements between Britain and other EU  
nations have also increased five-fold in ten years. Over the same period air freight imports to 
Britain doubled. The increase in transport-related environmental impacts due to increases in apple 
imports over the last few decades is discussed in Section 4.2.1. These changes represent a 
significant move in a direction contrary to the reduction of a factor-10 in the thermodynamic 
throughput associated with economic activity advocated by Schmidt-Bleek (1993), the goal of 
reducing transport demand and sustainable development objectives.
The goal of European integration, expressed in the Single European Market (SEM) and the 
Maastricht treaty, is inextricably linked to the desire of all European states to create an economic 
power to rival that of Japan and the United States. The debate about the SEM has been ‘couched 
primarily in economic terms’ (Whitelegg, 1993) and the vast majority of EU Directives concerned 
with the implementation of the SEM are economic. The SEM, rooted in a traditional economic 
growth framework, presents a number of difficulties for the improvement of environmental quality 
in Europe and these problems have been identified in publications of the EC itself, notably the green 
paper on sustainable mobility (EC, 1992). Transport is a major component of this environmental 
‘problem’, as is the growth in transport demand associated with the SEM (Whitelegg, 1993). Quite 
clearly ‘sustainable mobility’ does not encompass any diminution of road building, international 
road freight transport demand or any weakening of economic growth imperatives (Whitelegg,
1993). Whitelegg (1993) has concluded that “clearly there is some inconsistency in EC policy”. This 
is confirmed by the Royal Commission on Environmental Pollution:
“The Treaty of Rome required the adoption of a common transport policy but required no environment chapter. 
That gap was filled by the Single European Act in 1987, with subsequent strengthening by the Maastricht Treaty 
of 1992. Nevertheless, despite the time which has passed since the passing of the Single European Act, the 
Community has not yet succeeded in developing a transport policy which takes adequate account of environmental 
imperatives and overcomes some of the defects apparent in national policies....With the notable exception of 
measures to reduce pollution from (individual) vehicle exhausts, the Community’s legislative record of 
environmental achievement in the transport field is not encouraging....The white paper on the common transport 
policy published by the European Commission in 1992 seeks amongst other things to reconcile the Community’s 
transport and environmental policies under the heading of sustainable mobility but we believe that the process of 
reconciliation still has a long way to go” (HMSO, 1994).
There is even inconsistency between EU transport and sustainable development policies within one 
poficy document, the Maastricht Treaty. This treaty included the Integration Principle’^  ^ but also 
established a Cohesion Fund to provide a financial contribution to certain Member States to 
establish the trans-European road network’®^ (RCEP, 1994; UK Round Table on Sustainable 
Development, 1996). By definition, the Integration Principle requires that: ‘environmental 
requirements must be integrated into the definition and implementation of all areas of policy- 
making’ (UK Round Table on Sustainable Development, 1996). The EU has not met this 
requirement in the Maastricht Treaty. As a result the transport-related external environmental costs 
of the SEM and TERN are considerable and inherently unsustainable (Whitelegg, 1993).
4.2.4 Internalising the external environmental costs associated with transportation
In this section the increase in the price of apples is estimated as if a tax were applied to transport- 
related energy consumption and air emissions. The following areas are considered:
As well as the other four operating principles for sustainable development that are listed in Figure 1.3.1 in 
Appendix 1.3.
The principal objective of the TERN is to ensure the efficiency of the internal market, by improving the mobility 
o f people and goods, and to reinforce economic and social cohesion (RCEP, 1994).
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i. the transport-related environmental costs associated with apple imports;
ii. the transport-related environmental costs associated with apples consumed in Denbigh and 
Brixton that are sourced, distributed and marketed in different ways (i.e. examples are used from 
all possible transport life-cycles as shown in Appendix 3.3 and the results in Appendices 3.9 and 
3.10).
Weizsacker and Jesinghaus (1992) have proposed the following tax levels to reflect the 
environmental damage caused by fossil-fliel energy consumption and air emissions’’’"’:
• Energy: 10 ECU’s per gigajoule of fossil-fiiel energy’”^ ;
• Air pollution: 1000 ECU’s per tonne of nitrogen oxides, carbon monoxide and hydrocarbon 
emissions and 50 ECU’s per tonne of carbon dioxide emitted.
These charges are used to estimate the environmental tax that would be added to the cost of 
imported produce and the retail price o f apples, based on the energy consumption and air emissions 
associated with the transport systems described below. This is one way of attempting to 
‘internalise’ the external environmental costs of transportation so that the pollution resulting from 
the respective transport life-cycles is reflected in the price of the product.
i. Based on the results for apple imports in 1993 (Figure 4.1) and using a value of between 1.2 and 
1.5 ECU’s per pound sterling to reflect changes in exchange rates, the environmental tax for 
apple imports in 1993 would be between £7.22 million and £9.06 million (Figure 4.3). This 
equates to an extra cost per kilogram of apples of between 1.7 and 2.2 pence, compared to the 
average value of the imports in 1993 which was 44 pence per kilogram (see Figure 1.9). Thus if 
the external environmental costs of trade-related transportation were added to the average cost 
o f imports in 1993 the price of apples would increase by 4-5%.
ii. Example 1 : the maximum value for system 1 in Denbigh (Appendix 3.9) which represents apples 
imported from New Zealand, distributed via St. Helens, marketed in the Somerfield store in 
Denbigh and purchased in a shopping trip of 20 kilometres in a large petrol car with any waste 
transported to landfill. The calculations in Figure 4.4 show that the environmental tax would add 
between 19 and 23 pence per kilogram of apples. If  an average retail price of 97 pence per 
kilogram of apples is assumed (based on data from The Grower trade journal in 1993) then this 
tax would increase the cost of apples by between 20 and 24 per cent.
iii. Example 2: the average value for system 1 in Brixton which is represented by apples which are 
sourced in Washington State in the U.S.A., distributed via a Regional Distribution centre in 
Snodland to the Tesco store in Brixton and purchased in a shopping trip of 3 kilometres in an 
average sized petrol car. The calculation shown in Figure 4.5 shows that the environmental taxes 
proposed by Weizsacker and Jesinghaus would be between 5 and 6 pence per kilogram of 
apples.
Proposals for a pollution or carbon tax have been considered by many authors (CEC, 1991; Barrett, 1990; Capros 
et al., 1990; Jackson and Jacobs, 1991; Opschoor, 1989; OECD, 1975; Pearce and Turner, 1990). The proposed 
charges per unit of fossil fiiel consumption and/or pollution varies and the values used here (Weizsacker and 
Jesinghaus, 1992) provide an indication of the kind of costs which might be associated with the externalities. There 
is also a large literature on the estimation of external costs of transport systems. The estimation of the total external 
environmental costs of the UK transport sector in Appendix 2.5 is based on a number of studies (RCEP, 1994). 
Different criteria are considered when estimating external costs and pollution taxes and, therefore, a comparison 
cannot be made between Figure 2.5.1 (in Appendix 2.5) and the charges proposed by Weizsacker and Jesinghaus 
(1992).
In 1993 the European currency was the ECU and since January 1999 has been the EURO.
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iv. Example 3: the maximum value for system 9 in Denbigh (Appendix 3.9) which represents apples 
sourced in Kent, distributed via St. Helens, marketed in the Somerfield store in Denbigh and 
purchased in a shopping trip of 20 kilometres in a large petrol car with any waste transported to 
landfill. The calculations in Figure 4.6 show that the environmental tax would add between 14 
and 17 pence per kilogram of apples and if an average retail price of 97 pence per kilogram of 
apples is assumed then this tax would increase the cost of apples by between 14 and 18 per cent.
V. Example 4: average values for systems 25 in Brixton which represents locally sourced apples 
picked up in an average-sized petrol car and the waste transported to landfill. The calculations in 
Figure 4.7 show that the environmental tax would add between 0.8p and Ip per kilogram of 
apples.
In those systems where there is no motorised transport - i.e. locally sourced or homegrown 
involving no car journeys, and the waste is composted - there would be no transport-related 
environmental tax. The examples above are theoretical and are intended to show the impact which 
the environmental tax proposed by Weizsacker and Jesinghaus would have on apple prices if an 
environmental tax were introduced in Britain relating to fossîl-fiiel use and the pollution resulting 
firom this use. These are only guidelines and the tax level, if ever introduced in Britain, is likely to be 
different fi-om that proposed by Weizsacker.
The results show that if the external environmental costs associated with apple distribution were 
accounted for by a tax then the additional charge would be up to 23 pence per kilogram of apples, 
compared to the average retail price in 1993 of approximately 97 pence per kilogram of apples. 
This would have the effect of discouraging transport-intensive sourcing, distribution and shopping 
and encouraging alternatives such as British UK apple production, distribution by rail or inland 
waterway and home delivery as well as homegrown and local apple cultivation. Products which are 
sourced in a way that involves long-distance transportation would become more expensive and 
British produce cheaper in comparison, and local produce cheaper still. A resource/pollution tax 
would therefore encourage local and regional production and distribution systems.
Boge (1993) has also recognised the potential of an environmental tax for promoting the 
restructuring of production and distribution systems:
‘Higher transportation costs, which depend largely on higher petrol and diesel costs, have considerable impact on 
the internal cost structures of the manufacturer producing the examined products. An increase of the mineral oil 
tax is an important instrument to internalise the costs of freight shipments.’
In the case of the yoghurt study, discussed in Chapter 2, Boge calculated that full intemafisation of 
external transport costs would increase the cost of the transport and distribution of yoghurt by 65 
% and therefore the price of the yoghurt would also increase (Boge, 1993).
It is unlikely that global sourcing and international transport would be reduced if a 
resource/pollution tax was introduced unilaterally in Britain, because if international fi*ee trade 
remained, imported products would be cheaper than foodstuffs produced and distributed in Britain. 
This is particularly true since the completion of the Single Market in Europe but also applies to all 
other international trade. For example, in 1998 and 1999 British road hauliers protested because of 
the higher diesel prices in the UK compared to the price on the continent, and a situation in which 
European hauliers, purchasing their fuel on the continent had an unfair advantage. If, however, local 
production and distribution systems were developed which minimise (or avoided altogether) fossil 
fuel consumption in both cultivation and transportation then apples that are sourced and distributed 
in a transport-intensive way could find it difficult to compete (i.e. the profit margins for growers
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and/or retailers would be reduced when fossil fuel-related environmental taxes are added to the 
costs of distribution, commercial cultivation and retailing)’”^ .
4.3 Free Trade, protectionism and the feasibility of national self-sufficiency in dessert apples
“In Europe only France, which has had only five years in which the level of unemployment dropped since the 
middle of the 1960’s, has seriously discussed alternatives to fi-ee trade. That it did so was largely because of the 
work of Maurice Allais, who won the Nobel prize for economics in 1988. Allais believes that fi-ee trade will lead 
to a surge in imports fi-om low wage countries, where production and cultivation, currently carried out in OECD 
countries, will move. As a result Europe will experience mass unemployment, huge wage inequalities and a social 
‘explosion’ ” (Douthwaite, 1996).
The environmental and economic arguments for import substitution have been put forward by, 
amongst others, Daly and Cobb (1990), Douthwaite (1996), Lang and Hines (1993) and the 
Agriculture Committee of the House of Commons (HCAC, 1995). If  the environmental and 
economic impacts of importing apples and other fi-esh finit and vegetable produce are to be 
avoided, then UK systems of production and distribution will need to replace imports. In this 
section an assessment will be made of the reasons for sourcing a large proportion of apples abroad, 
remembering that Britain is now the second largest importer of apples in the world’”^ . The 
feasibility of reversing this situation so that Britain achieves national self-sufficiency in dessert 
apples will also be considered.
International trade originated on the basis of nations exchanging their products for others which 
they could not produce for themselves, or which they could only produce at exorbitant cost 
(Stanlake, 1981). These reasons do not, however, apply to apple and other indigenous fi-esh finit 
and vegetable production in Britain. A large proportion of fresh produce imports, approximately 70 
per cent, is accounted for by trade with countries in the European Union where the produce is 
available at the same time as that grown in Britain and which have similar climates to the UK, and 
with many not having the water supplies which we have in Britain’”^  (Paxton, 1994).
Concentrating on dessert apples: in Britain this product can be harvested during most months o f the 
year, with different varieties coming into season at different times of the year (Appendix 1.2). New 
varieties which extend the season or can be stored for long periods are continually being assessed 
and developed (Pennell, 1994). Any shortfall in supply can be overcome by applying traditional and 
modem storage techniques as described in Appendix 1.2 (Morgan and Richards, 1993; Pennell, 
1998).
Commercial apples are stored for up to a year when necessary by several of the importing bodies in 
a chilled and modified atmosphere (ENZA, 1997) and improvements in storage technology also 
means that British top finit is of a marketable quality for much of the year (HCAC, 1995). This 
availability of British-grown dessert apples and the option of traditional and controlled atmosphere
Nix (1994) has estimated that the variable costs (associated with fertiliser, sprays, packaging and labour) in 
commercial apple production amount to £1375 per hectare and £125 per tonne of marketable apples (12.5 pence 
per kilogram of apples) and that commercial apple growers receive 32.5 pence per kilogram of apples. In two of the 
examples that are considered above, the transport-related environmental tax exceeds the variable costs of 
production and in example 1 (system 1 in Denbigh) the tax is almost double the variable costs of production. It 
should be noted that if an environmental tax was introduced then the costs associated with fertiliser, pesticide 
sprays and packaging (but not labour) manufacture and supply would also increase. A fossil fuel or pollution tax 
would, therefore, encourage a process not only of localisation but also of low-input and organic agricultural 
production.
When demand could theoretically be met by British production as shown in Appendix 1.2.
The substantial deficit in apples and other crops which are grown in the UK is discussed in section 2.5.
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storage for up to a year makes the possibility of both national and local self-sufficiency in this 
product feasible’”^  as discussed in Appendix 1.2 (see research objective 4).
This is becoming less viable because many commercial and non-commercial orchards have been lost 
over the last few decades, and also because of the commitments to international free trade and the 
SEM which Britain has made through the WTO and the European Union. The DETR have stated 
that:
“Although the Government is committed to policies which minimise the harmful effect on the environment of the 
agri-food sector as a whole, it is not in favour of imposing limits on competing imports” (Breach, 1998b).
However, the negative environmental, social and economic implications of the global sourcing of 
dessert apples, discussed above, mean that a sustainable policy (and one in which ‘the harmful 
effect on the environment o f  the agri-food sector are minimised’) would be one of import 
substitution. Considering the fact that apples can be stored for up to a year in cold storage, so that 
seasonal availability can be overcome, it may prove difficult to justify the environmental burdens 
associated with imports of apples and of other fresh products when they could be cultivated in 
Britain.
Following a ‘disastrous’ year for apple growers in 1993/94 there were calls for protection of some 
kind from cheaper imports:
“More and more quality apples from all comers of the globe are a major part of our problem. MP’s are very much 
influenced by their mailbag. Each of us must write to our MP and ask ‘What is more important, jobs in rural Britain 
or increased reliance on the state and misery all round. We must explain to them that without some form of 
protection, it is extremely difficult to sustain viable fruit production here when imports are either subsidised or 
reliant on very low labour costs” (The Grower, 24/3/1994).
Lang and Hines (1993) have questioned the benefits of trade in products that can be cultivated or 
manufactured in the country to which they are imported, particularly when the environmental 
impacts associated with large-scale production for export and the environmental burdens associated 
with the trade-related transportation are considered. The following examples, together with that of 
apples, lettuce and asparagus in chapter 2, illustrate the illogical nature of trade in certain products:
“Take croissants, for example. In a grocer’s shop in North London you can find, neatly packed on the shelf, a box 
of croissants from Alicante, Spain. Across the road is a bakery which makes croissants on the premises. It may be 
profitable for the bakery in Alicante to mass-produce croissants and ship them around 1,500 miles to the UK, but 
this is environmentally destructive” (Lang and Hines, 1993).
“A few years ago, I was eating at a restaurant in Saint Paul, Minnesota. After lunch I picked up a toothpick 
wrapped in plastic. On the plastic was the word ‘Japan’. Now Japan has little wood and no oil. Yet in our global 
economy, it is deemed efficient to send little pieces of wood and some barrels of oil to Japan, wrap the one in the 
other and send them back to Minnesota. This toothpick may embody 50,000 miles of travel. Meanwhile, in 1987, a 
Minnesota factory began producing millions of disposable chopsticks a year for sale in Japan. In my mind’s eye, I 
see two ships passing one another in the northern Pacific. One carries little pieces of Minnesota wood bound for 
Japan; the other carries little pieces of wood from Japan to Minnesota. Such is the logic of free trade” D. Morris in 
Lang and Hines (1993),
Daly and Goodland (1993) have argued that the belief that free trade is the best policy unless 
proved otherwise is the “default position” among growth advocates in the current debates over 
trade agreements such as the GATT and NAFTA. In terms of the supply of fresh produce to British 
consumers, the goal of minimising material and energy throughput and sustainable development.
Estimates of the area of land and the number trees that would be required for Britain to become self-sufficient in 
dessert apples are provided in Figure 4.8.
157
this study has shown that global sourcing is not the ‘best policy’ for dessert apples and that there 
are tangible environmental, social and economic benefits associated with a policy of sourcing apples 
in Britain.
The fact that the environmental impacts associated with apple imports (Figures 4.1 and 4.2) are not 
considered in the theory underpinning international firee trade means that the they are collectively 
termed ‘external’ costs. The greenhouse gas emissions associated with international trade are not 
attributed to the UK and therefore do not affect Britain’s inventory for greenhouse gases or 
Britain’s commitment to reduce these emissions. Boge (1993), Weizsacker (1994), and Whitelegg 
(1993) amongst others, have called for this distortion to be corrected by internalising the 
environmental impacts of transportation, which would increase the cost of international trade and 
encourage import substitution (as discussed in Section 4.2.4).
International trade and competition are intended to improve the well-being of people (Weizsacker 
et al., 1997). The changes over the last 30 years which have been documented in this dissertation 
are not ‘in the best interests of Britain’ and the ‘common good’ of the British apple growers and 
consumers” ”. There are therefore strong environmental, economic and social arguments for 
following a policy of import substitution rather than the global sourcing of dessert apples. The 
environmental and socio-economic advantages of such a policy would be observed at both the 
national and the local level. There are, however, many obstacles to such a policy change. At 
present, and indeed since the implementation of Britain’s fi*ee trade policy in 1838, the ‘sanctity of 
fi*ee trade has been unquestioned by aU political parties’ (Wood, 1978). The WTO, individual 
governments and multinational corporations are all strongly in favour of fi-ee trade and resist 
protectionist measures. It may be only when aU the social and environmental aspects have been 
considered that import substitution is considered. If  economic theory and policy continue to ignore 
the thermodynamic throughputs of economic activity, including those associated with 
transportation, and treat environmental and social costs as ‘external’, then such a change is unlikely 
to occur.
Section 2.5 discussed the impact of trade policies on the horticultural sector from a historical 
perspective and in particular the influx of imported apples following the implementation of the fi-ee 
trade policy in 1838, and the benefits of a reversal o f this policy in the 1930’s in the form of partial 
protectionist measures in which duties were levied on non-empire produce. This was significant for 
British apple producers because imports fi-om South Afiica, New Zealand and Australia arrived 
outside the British crop year, in the summer months, whereas European and U.S. produce had been 
in direct competition with British apples. As a result the only empire apples to compete with British 
apples arrived fi-om Canada and the British apple sector flourished until the end of the second world 
war.
There are now calls for a return to some form of protectionism not only because of the decline in 
the UK horticultural sector (and the meat sector) due to increased imports, but also because 
fimdamental questions are now being asked about the social, environmental and economic costs and 
benefits of trade in products that can, and in the past have been, cultivated in Britain (Lang and 
Hines, 1993). In terms of sustainable development and the goal of minimising the environmental 
impact associated with a particular nutritional need there are two issues which need to be 
considered. The first reason for promoting import substitution is that the significant direct 
environmental impacts associated with trade-related transportation, quantified in this study and 
supported by the results of studies by Cowell and Clift (1996) and Kranendonk and Bringezu 
(1993), would be avoided. The second reason for restrictions on imports is that due to international 
competitiveness, within the present fi-amework for international fi-ee trade, higher levels of
See Appendix 4.2.
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environmental regulation are resisted and seen as an added cost. Environmental taxes are also seen 
as a barrier to international competitiveness and this means that sustainable systems of production 
and distribution are not promoted. Because external costs are not included in the price of products, 
the systems in which environmental burdens are high are able to compete with those in which 
transport and fossil-fixel energy consumption are minimised. Consumers as well as policy makers 
have no knowledge of the environmental impacts associated with the products that they consume 
and therefore cannot adjust their purchasing patterns according to environmental concerns’” .
During a move to a more sustainable form of cultivation in Britain (i.e. organic production which 
minimises the direct and indirect use of fossil-fiiels) there will be a transition period in which yields 
will be low and organic prices will be relatively high and if left to market forces this conversion may 
be slow. This is home out in the fact that UK organic production is only 1 per cent of aU UK 
agricultural production and over 60% of all organic foods consumed in Britain are imported 
(MAFF, 1998). Organic produce is also generally more expensive than non-organic produce. If 
cheap imports are able to compete with British produce during this conversion period then UK 
producers will be reluctant to convert to organic production, particularly if they are uncertain about 
being able to compete with imports even when the conversion is complete. This is another reason 
for adopting protectionist measures for UK agriculture.
In this section I have argued that the transport-related environmental impacts of distribution 
systems can be reduced by implementing a pohcy of import substitution. An extension of a policy of 
national self-sufficiency in apples to further reduce transport-related environmental impacts would 
be a policy of rninimising transportation by establishing local orchards and distribution systems. 
Examples of minimising the transport demand within apple production and distribution systems 
through local sourcing and distribution systems will be discussed in Section 4.8.5 as well as the 
changes in land use and marketing systems that this would require.
4.4 General discussion and analysis of the results of the micro analysis
In this section the results of the micro-analysis, which was based on the quantification of the 
environmental impacts associated with the delivery of a kilogram of apples to the consumer (and 
presented in chapter 3), will be evaluated. The following points will be discussed:
i. the range of values for all possible transport systems associated with the delivery of a kilogram 
of apples to a consumer at both locations, Denbigh and Brixton, and a breakdown of the these 
systems as shown in Appendices 3.9 and 3.10;
ii. following on from (i) the relationship between energy consumption and the spatial distribution of 
a transport life-cycle; the cumulative distance between apple tree and waste management; and 
the number of transport stages in the life cycle of the product. The source of the product relative 
to the location of consumption and the way in which it is distributed to the consumer will be 
assessed;
iii. the transport stages and systems which are particularly energy-intensive.
The results of the micro analysis are presented in the following formats.
Appendices 3.9 and 3.10 show the results (energy consumption and emissions) for all transport 
stages and systems assessed in Denbigh and Brixton.
Appendix 3.11 shows in six separate inventories the maximum, average and minimum energy 
consumption values only, for all stages and systems, including the percentage of the total system 
energy consumption for which each stage is responsible.
The provision of product-related environmental information will be looked at in more detail in Section 4.13.
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Appendix. 3.12 lists energy consumption and emissions for all systems (with no breakdown for 
stages) in six inventories for the maximum, average and minimum values at each location.
Appendix 3.13: contains various plots of the maximum, average and minimum results, first showing 
energy consumption and then emissions for all systems. The maximum, average and minimum
energy consumption are shown in Figures 3.13.1 to 3.13.3 for Denbigh, with a comparison of aU
three in Figure 3.13.4. The same plots for Brixton are shown in Figures 3.13.5 to 3.13.8. Figures 
3.13.9 to 3.13.20 show the emissions for all systems in Denbigh and Brixton.
The following diagrams are referred to in this section:
Appendix 3.3 shows aU 30 possible transport systems.
Figures 3.10 and 3.11 provide a breakdown of all systems into nine key systems.
Figure 4.9 shows that there is a range of values for each system which reflects the variations in 
transport demand of all possible production, distribution and marketing systems at each of the two 
locations. For apples distributed to Denbigh the energy consumed in the transport life-cycle of an 
apple can range firom 0-17.75 MJ/kilogram of apples and in Brixton the energy consumption varies 
from 0-10.44 MJ/kilogram of apples There is therefore a wide range of values for each system
due to the range of values for each stage, as shown in Figures 4.10, 4.11 and 4.12 and the 
breakdown of all transport systems and stages in Appendix 3.3. Providing a range of values reflects 
all the options for each stage in the transport life cycle of an apple. For example, in the case of 
imports, the energy consumption of stage 1 depends on the region in which the product was grown 
and the distance to the port of departure. The other variables for each stage are shown in Figure 
4.13. Providing a range of values is therefore the most realistic way of representing all the various 
possibilities (as discussed in Sections 3.8 and 3.15).
Figure 4.10 provides the range of values for the energy consumption of the nine ‘core’ systems and 
a breakdown for the individual stages (based on Figure 3.10). The shaded area represents the stages 
which were assessed in Section 3.14 when the transport energy consumption of British-grown 
produce was compared to that of imported produce up to the same distribution centre. A 
diagrammatic representation of Figure 4.10 is given in Figures 4.11 and 4.12 in which the range of 
values for each stage can be compared.
4,4.1 The energy consumption of individual transport segments
Appendix 3.11 shows that in the systems in which the apples are imported (systems 1 to 8) the 
energy consumed during stages 1 and 2 ranges from 0.472 to 4.57 MJ/kg apples, with the average 
represented by apples sourced from Washington State in the U.S.A (2.59 MJ/kg apples). The 
percentage of the total transport energy consumption attributed to stages 1 and 2 depends on the 
total number of transport stages; if shopping is not by car and/or the waste is composted, stages 1 
and 2 will represent a higher percentage of the total energy consumption (i.e. in systems 4 and 8 
when there are 4 out of the 6 possible transport stages). Figure 4.14 provides a summaiy of the 
percentage of the total energy consumption of each stage and is based on Appendix 3.11. The 
following conclusions are based on Figures 4.14, 4.11 and 4.12:
To allow a comparison of a unit of energy consumption (megajoules) in transportation to ‘everyday’ activities, 
Boustead (INCPEN, 1993) has shown that 1 Megajoule will:
• run a 100 watt light bulb for 2.8 hours;
• boil 3 kettles of water.
Therefore, the six transport stages used to transport 1 kilogram of apples to a consumer in Denbigh from New 
Zealand (17.75 MJ; system 1 in Appendix 3.11) consume the same amount of energy as is required to boil 53 
kettles full of water.
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i. Transport stages 1, 3 and 6 consume the least energy per kilogram of apples and the percentage 
of each exceeds a quarter of the total energy consumption in only a few cases.
ii. Transport stages 2, 4 and 5 consume the most energy per kilogram of apples and the percentage 
of each exceeds a quarter of the total energy consumption in most cases.
iii. The combination of stages 1 and 2 for imported produce shows that when apples are imported 
these two stages account for 46-98 % of the total energy consumption for apples consumed in 
Brixton and 19-74% of the total energy consumption for apples consumed in Denbigh. As 
discussed earlier, it is important that these two stages are not considered separately.
iv. When shopping is by car and the distance of the shopping trip is over 1 kilometre (i.e. for the 
average and maximum shopping trip distances) it is this stage (stage 5) which consumes the 
largest percentage of the total transport life-cycle energy consumption. Shopping by car ranges 
from 0.637-8.26 MJ per kilogram of apples in Denbigh and between 0.19-4.3 MJ per kilogram 
of apples in Brixton depending on the size of car and distance to the retail outlet.
V. Stage 4, in which the produce is transported from distribution eentres and wholesale markets to 
the retail outlets, also consumes a large fraetion o f the total energy consumption, and is higher in 
the case of supermarket distribution because the distance between RDC and store is generally 
greater than the distance between wholesale markets and market traders or greengrocers. For 
produce marketed in Brixton this difference in distance is significant because the wholesale 
markets are less than 6 kilometres from Brixton and the RDC for Tesco is 100 kilometres from 
Brixton. Also, for supermarket distribution this stage is by a large articulated lorry, whereas 
market traders and greengrocers pick up their produce in a small petrol or diesel van.
In Section 4.8 the results for each transport stage and each transport system are discussed in terms 
of reducing the transport-related environmental impacts. The two options that are considered are a 
modal shift in existing systems and a reduction of the number of transport stages through alternative 
sourcing and distribution systems.
4.5 The transport energy consumption in relation to the source of the product and the type of 
retail outlet and distribution system
In Sections 3.15 and 3.16 the transport energy consumption was discussed in relation to the 
following:
a. the source of the apples (global, national or local);
b. the type of retail outlet.
In terms of the source of the product there is a clear relationship between the distance from 
producer or apple tree to the consumer and the transport energy consumption as shown in Figures 
3.59, 3.60, 3.61 and 3.64. In Figure 3.61 the maximum, average and minimum energy consumption 
shows a trend in which global sourcing is both the most transport- and energy-intensive, followed 
by national and local sourcing with homegrown produce being the least transport-intensive and the 
sourcing system in which the transport-related environmental impacts are minimised. There is some 
overlap, for example, between the energy consumed for globally and nationally sourced produce 
which is mainly due to the situations in which imported produce is not purchased in a shopping trip 
by car, and national produce is purchased in a shopping trip by car’” . However, if the average 
values are considered in Figure 3.61, in both Denbigh and Brixton, there is little overlap and the 
trend of increasing energy consumption as the distance between producer and consumer inereases is 
evident. In terms of the first hypothesis and also research objective 7 these results show that as the 
distance between production and consumption is reduced the transport-related energy consumption
Again, this indicates the significance of stage 5, and that shopping trips by car are often the most energy-intensive 
stage in the transport life cycle of a product.
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is also reduced and so is the environmental impact. Similarly, when transport is minimised, through 
the local sourcing of apples and by growing apples in the consumer’s garden or close to the 
household of the consumer so that the produce can be transported in modes other than the car (i.e. 
on foot or by bicycle), then the transport-related environmental impacts are minimised.
Figure 3.62 also shows a clear trend in that the average energy consumed for apples sourced, 
distributed and marketed by the multiple retailers Somerfield and Tesco is greater than that of 
apples purchased at the market in Brixton and Roberts grocers in Denbigh. Again there is some 
overlap and this is to be expected because all of these retail outlets sell imported as well as British 
apples, which pass through national distribution systems (i.e. regional distribution centres or 
wholesale markets) and both can therefore have up to 6 transport stages. A comparison in Denbigh 
between the energy consumed in transporting locally sourced apples sold at Rowlands greengrocers 
and the energy consumption of national and globally sourced apples marketed at the Somerfield 
store and Roberts greengrocers shows that produce which is sourced locally consumes considerably 
less energy. The box scheme in Brixton which sources its produce in Kent and Sussex and the box 
scheme in Denbigh which sources some apples locally are both transport- and energy-efficient. 
Apples which are cultivated locally also require minimum transport-related energy consumption, 
especially when they are not distributed in a van or a car in which case the distribution is as energy 
efficient as homegrown produce. Local and homegrown systems can have zero energy consumption 
if the organic waste is eomposted at the point of consumption.
When the results of this study are assessed in relation to the trends described in Chapter two’”  then 
the following points arise:
i. the most energy-intensive way in which apples can be sourced is if they are imported, as shown 
above” .^ In chapter 2 it was shown that imports of dessert apples (and other fi-esh finit and 
vegetables) have increased significantly over the last few decades to the extent that Britain’s self- 
sufficiency in dessert apples fell to 18% in 1997. Therefore, there has been a shift: in apple (and 
other fi-esh produce) sourcing to the most transport-intensive and environmentally damaging 
systems. If  the apple sector is assessed by combining the results of the micro analysis with the 
percentage of apples sourced globally, nationally, and locally then the extent of the 
environmental impacts associated with this trend can be estimated. Figure 4.15 shows that fi-om 
a macro perspective the fossil-fiiel energy consumed eaeh year for apple imports (up to port of 
entry) almost tripled between 1952 and 1997. It should be remembered that over the last few 
decades the multiple retailers’ share of the fi-esh produce sector has increased significantly and 
also that there is a close correlation between the increase in the number of superstores and levels 
of fi-esh finit and vegetable imports (Figures 2.20, 2.21, 2.24, 2.25 and 2.26).
ii. Owing to the more centralised distribution system associated with the multiple retailers, in which 
distribution is carried out in almost all cases by road (articulated trucks) and the fact that over 
two thirds of all fi-esh produce is now distributed and marketed by the multiple retailers, there 
has been a similar trend in fi-esh produce distribution within Britain. The volume o f fresh produce 
that is soureed and distributed on a national level rather than soureed locally has increased, as 
has the distance over which fresh produce is distributed (Figure 2.27). Therefore, the annual 
environmental impact associated with fresh produce distribution within Britain has also increased 
because of the move away from local sourcing and the move away from wholesale distribution to 
distribution via supermarket RDC’s (Figures 2.24, 2.25 and 2.30).
iii. Similarly the most environmentally damaging way in which produce can be transported from the 
retail outlet where it was purchased to the home of the consumer is by car. There has been an
See Sections 2(b) and 2(c) as well as Figures 2.12 to 2.17 and Figures 2.20,2.21,2.24,2.25, 2.26, 2.30 and 2.35. 
The influence of the European Union SEM and TERN policies on transport demand within the EU are discussed
in Section 4.2.3.
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increase in both the fraction of shopping trips by car (compared to shopping trips by public 
transport or on foot or by bicycle) and the distance of shopping trips in general and particularly 
those by car (Figure 2.34). Again, based on the market share of the multiple retailers, Figure 
2.35 shows that there is a elose correlation between the increased market share of the multiples 
and the increases in the distance of (and percentage of ah) shopping trips by car.
Therefore, the trends in food sourcing, food distribution in Britain and food shopping by car are 
directly related to the increased market share of the multiple retailers. It is the sourcing, distribution 
and locational policies of the multiple retailers that have resulted in the significant environmental 
impacts associated with the transport life cycle of apples diseussed above (which reflects that of 
other fresh produce), and particularly the predominant systems in which apples are imported, 
distributed via RDC’s and shopping is by car as shown in Figures 2.24 and 2.25. It is the retailers 
(and access to retail outlets) which have most influence on the transport life-cycle up-stream of the 
point of sale through purchasing, sourcing and distribution policies and to a certain extent down­
stream also, with respect to the fraction and feasibility of shopping trips by car, bus, bicycle or on 
foot at each retail outlet (owing to its location).
Product sourcing and the reluctance of the multiple retailers to deal with small local growers (and 
even with relatively large British commercial growers) are issues which were introduced in Chapter 
2 and are concerns which have been recognised by the multiple retailers themselves (Sainsburys,
1996). Greengrocers and market traders are limited by the options available at the wholesale 
markets, but by dealing directly with the growers, the multiple retailers choose which growers to 
deal with and therefore can decide whether to purchase British or imported products. However, 
when there are several sourcing, distribution and marketing options for fresh produce at a partieular 
location, as was the case in Denbigh and Brixton, then it is the consumer who decides where to 
purchase the product, how to transport the product home and whether to compost any waste or 
dispose of it. More frmdamentally in terms of this study is whether or not the consumer 
(individually or through a community or co-operative scheme) chooses to cultivate her/his own 
apples in gardens or allotments. By making these deeisions the consumer is responsible for the 
environmental impacts associated with the distribution of this product. Of course if no local or 
British produce is available or the product is not labelled to provide information on the source and 
distribution system of fresh produce and the associated environmental impacts of the various 
options, then the situation is different. These issues are discussed further in Section 4.13.
The multiple retailers recognise the environmental impacts associated with eurrent sourcing and 
distribution systems:
“The development of large-scale centralised distribution systems has made it economic for the range over which 
food is sourced, often termed ‘food miles’, to increase. By sourcing products from around the world, food retailers 
can now offer a wide variety of fresh produce without seasonal restrictions....It is argued by some that these 
benefits have been won at the expense of the environment. The environmental issues raised over these concerns 
fall into three areas: buying UK produce rather than overseas; selling local produce in supermarkets; efficient 
freight distribution and alternatives to road” (Sainsbury, 1996).
This analysis has confirmed that there are significant environmental impacts associated with 
imports, freight distribution by road and produce that is not sourced locally. Over the last few 
decades there have been four clear trends which are described in Chapter 2(b) and 2(c). These are 
the increasing market share and purchasing power of the multiples and the decline of the British 
apple sector; increases in levels of apple and other fresh produce imports; and increases in the 
volumes and distances involved in food distribution and car shopping trips. The increasing market 
share of the multiple retailers cannot be dissociated from these other trends (as shown in Figures 
2.26, 2.30 and 2.35). The feasibifity of the three proposals of Sainsbury’s (outlined in the quote 
above) is assessed in Section 4.10.
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One other environmental issue which has been addressed in this analysis (but was not identified by 
Sainsbury’s, 1996) is that of shopping trips by car. In terms of shopping trips and the modal split of 
shopping trips by car there are three issues of relevance:
i. the location of retail outlets;
ii. the size or scale of retail outlets and therefore the feasibility of carrying out shopping trips by 
modes other than the car in terms of the weight and volume of the products;
iii. alternatives to shopping at a supermarket/superstore’” .
In chapter 2 the results of several shopping trip surveys were presented, including an assessment by 
the Department of the Environment (1993) which showed that the average modal split of shopping 
trips to superstores by car was 65%. The modal split for shopping trips by car increases for stores 
located on the edge-of or out-of-town (or city) sites’” . Shopping trips by car in town centres at 
retail outlets other than superstores are considerably lower, with a large proportion of trips to these 
outlets carried out by bus, on foot or by bicycle” .^ Large supermarkets aim to attract car-borne 
customers from the surrounding area and through the application of a ‘20-minute isochrone’ 
calculate that people will make a return journey o f  up to 70 kilometres to carry out their grocery 
shopping (JletmQX, 1993).
If  the consumer prefers to shop at a supermarket or if there is no other option; for example if the 
high street grocer or baker shop has closed for the day or even permanently - and since the advent 
o f ‘late night’ and 24 hour opening at supermarkets, then if one of the following situations arises:
• one (or more) product or ingredient is required, for example, for a recipe;
• a product needs to be purchased several times a week e.g. fruit and vegetables and staples such 
as milk and bread;
• if one or more products were overlooked in a particular shopping trip;
then the purchase is likely to be made at a supermarket and probably by car. Thus the rise to 
prominence of the multiple retailers has been accompanied by an increase in the number of shopping 
journeys per person per week, with the average number of shopping and personal business trips per 
week rising from just over two in 1965 to over six per person per week in 1991 (RCEP, 1994). 
Thus, as the choice of where to shop diminishes, as the number of local retailing outlets decreases, 
accessibility by modes other than car is limited and the alternatives to supermarket shopping by car 
are reduced. As a result the number of shopping trips by car and the annual distance travelled for 
shopping both increase.
Nevertheless, this study has shown that there are several options in terms of retail outlet or home 
delivery in both Denbigh and Brixton” ” and it is the consumer who by his/her actions determine the
If the superstore is not accessible by public transport or on foot or bike and there are no other food retail outlets in 
the area (e.g. if independent grocers, butchers, and bakers have closed) then there may be no alternative to 
shopping for food by car.
In terms of shopping trips, approximately 80 per cent of the sales of the ‘big three’ supermarket chains, 
Sainsburys, Safeway and Tesco, come from out-of-town sites.
As discussed in Chapter 3, these findings are consistent with the results of the sample study at all retail outlets in 
Denbigh and Brixton carried out for this study (Appendix 3.2 and Figure 3.49). This sample study, which looked 
at shopping habits at each retail outlet in Denbigh and Brixton showed that both the fraction of shopping trips by 
car and the distance of these trips by car were greater in the case of supermarkets than at outdoor markets and 
greengrocers.
In Denbigh, however, the number of options and in particular the alternatives to supermarket shopping have 
diminished. This is due to three changes in the retail sector in Denbigh since 1993. In 1995 the grocer and market 
gardener Mr. Rowlands closed his shop in the centre of Denbigh. This was due largely to increased competition
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energy consumption after the point of sale. There is no doubt that access to parking and to free 
parking in particular are an incentive to shop by car; the Tesco store in Brixton and the Somerfield 
store in Denbigh both provide free parking facilities, and the proportion of customers arriving by 
car at each of these stores was 68% and 78%, respectively. Shoppers at the out-door market in 
Brixton are on the other hand more likely to shop on foot or use public transport, as was 
discovered in a sample study (Figure 3.49). There are two reasons for this: firstly, there are no free 
parking facilities within walking distance and even the paid car park is several hundred yards away, 
and secondly, the bus and underground service are reliable, regular and on the fifrige of the market. 
I f  a frequent and reliable public transport option is available and shopping by car is less convenient 
as in the case of the outdoor market in Brixton, the majority of shopping trips are made either on 
foot, bike or by using local bus services.
4,5A Shopping, freight transport and transport and planning policies
The transport intensity of the food system^ ^® is a result of the policies of retailers and consecutive 
governments since the second world war. Present levels of food distribution by lorry and shopping 
by car, and the projected increases in both, are associated with the centralised road distribution 
systems of the multiple retailers and the size and location of superstores (as shown in Chapters 2 
and 3). The results of this study suggest that if the multiple retailers continue to operate as they do 
at present^^  ^then UK transport and planning policies should promote alternatives to:
i. shopping at superstores;
ii. road freight distribution and/or measures to reduce road freight transport demand;
iii. shopping trips by car (and introduce restrictions on existing edge-of and out-of-town superstores 
or charges on retail car parks).
The increasing concentration in the food retail sector, the shift to out-of-town stores^^  ^ and the 
gradual decline in the number of independent food retail outlets over the last forty years is discussed 
in Chapter 2(c) and has been recognised by the House of Commons Environment Committee 
(HCEC, 1994)^^  ^ Members of the Environment Committee expressed concern that the big
from the Somerfield superstore and the prospect of further competition from a Safeway store, which opened in the 
Autumn of 1998 (Rowlands, 1995). This was significant in relation to the results of this analysis because 
Rowlands sourced a large fraction of the produce that he marketed from his and other local market gardens and 
small orchards. In 1996 the fresh finit and vegetable street market trader also stopped operating in Denbigh. As a 
result of these changes there is now one box scheme, one greengrocer and four medium to large sized 
supermarkets in this small rural town.
In this section it is transport within Britain that is considered. Sections 4.2.3 and 4.3 consider the international 
transportation associated with food sourcing and marketing systems.
In terms of being associated with and dependent upon high levels of imports, road freight distribution, and 
shopping trips by car.
Between 1980 and 1994 out-of-town retail outlets share of retail sales increased from 5 to 25 per cent. In 1994, for 
the first time, out-of-town shopping centre space proposed by developers - at 7 million square foot - exceeded that 
proposed for town centres (Buckley, 1994).
In October 1994 the House of Commons Environment Committee (HCEC) published the report- ‘shopping 
centres and their future’ - which looked at the impact of out of-town-developments on independent retailers in 
town and city centres (HCEC, 1994). The chairman of the HCEC argued that ‘Britain will become a nation of 
redundant shopkeepers unless the growth of out-of-town shopping centres is halted.’ and that ‘too many of our 
town centres have been turned into shopping deserts’ (HCEC, 1994). The HCEC recognised that during the 1980’s 
development policies allowed too many superstores and other large retail developments to be built in places which 
were inappropriate on environmental, heritage and social grounds: “There is much to rue in the laissez faire 
approach to such development over the past decade” (HCEC, 1994).
In September 1998 the government announced that it was asking the Office of Fair Trading (OFT) to look at the 
pricing policy of the multiple retailers and in particular the difference between the price paid to primary 
agricultural producers and the price charged for this produce in their stores. The impact of the multiple retailers
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retailers, having largely completed their out-of-town expansion, would next target the outskirts of 
market towns: “We recommend that no proposals for superstores or other large retail developments 
in or around market towns should be considered, unless they are accompanied hy a comprehensive 
study of the possible retail effects over the whole of each proposals catchment area” (HCEC,
1994). The Environment Secretary at the time, John Gummer, introduced a revised planning 
guidance (PPG 13) and signalled tougher restrictions on “sheds on the by-passes” and said that he 
wanted to revive and rebuild the UK’s decaying town centres: “I want to see us improve the quality 
of our towns so that we can reduce urban sprawl and the development of green-field sites” (Buckley 
and Houlder, 1994). Tim Mars, a spokesman for the Civic Trust, however, pointed out that:
“John Gummer’s claimed reversal of policy actually comes after the development has gone through. Meanwhile, 
320 large retail developments are still to be built on existing planning permission - a total of over nine million 
square feet in all. Gummer may be closing the door on an empty room” (Wright, 1994).
The out-of-town expansion policy o f the multiple retailers had slowed before the proposals put 
forward by John Gummer were introduced (Buckley and Houlder, 1994). Raven, Lang and 
Dumonteil (1995) also criticised the government for acting too late:
“Without government action to limit the size of food companies, the restrictions on building out-of-town shopping 
centres may prove to be the final blow to the small independent food retailers who so far have managed to survive 
the onslaught of the supermarkets. Even before Gummer’s announcement, the supermarket giants were beginning 
to move back into city and town centre, largely in response to increasing competition from inner-city discount food 
shops like Kwiksave and Aldi which had seen a market to be exploited. Tesco, for instance, has already launched 
its chain of Metro stores specifically to compete with its new rivals. With the supermarkets back in the inner 
cities, the last remaining independent traders will find themselves mopped up.”
It is important to recognise that the location of a retail outlet does not influence the transport 
demand upstream of the point of sale. Therefore, if a superstore is located on the edge of, outside 
or within a town or city centre, this will not alter the number (and distance) of international 
transport stages or fi*eight transport stages within Britain. If the goal of planning and transport 
policies is to create a sustainable food system (and to minimise transport demand) then there are 
two reasons for preventing further superstore developments (in all locations).
1. The transport-related environmental impacts before the point of sale, in terms of the sourcing 
and distribution systems of the multiple retailers, as shown in this analysis, are considerable. The 
total transport-related environmental impacts of the food system have increased over the last 30 
years due to the increasing market share of the multiple retailers (as shown in Sections 2.9-2.9.3 
and 3.16). If  more supermarkets open and the market share of the multiples continues to 
increase, and their sourcing and distribution system does not change, then the total transport- 
related environmental impacts of the food system will also increase. Alternative marketing 
systems, in the form of independent grocers and street markets, will continue to decline^^  ^ and 
the introduction and success of farmers markets and fruit and vegetable box schemes (in which 
transport demand is minimised) could also be impeded.
2. The transport-related environmental impacts after the point of sale: the car modal split for 
shopping trips and the distance of these shopping trips is greater at supermarkets (in all 
locations) than independent food retail outlets (as shown in Section 2.9.3 and in Figure 3.49).
on small independent retail outlets was also to be considered. In March 1999 the OFT recommended that the 
scope of the investigation be broadened.
As in the case of Denbigh, described above, where the grocer (Rowlands) who sourced his produce locally closed 
his shop due to competition from supermarkets. This has been happening across Britain, as described by Raven, 
Lang and Dumonteil (1995) and Goddard (1998).
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In the last twenty years edge- and out-of-town superstores have been given planning permission 
without considering the effects on small independent town centre retailers and also the resulting 
increases in shopping trips (and distances) by car. Even though these issues now have to be 
considered when retail proposals are assessed, the building programme of the multiple retailers is 
virtually complete'^^. Additionally, in the five years since the House of Commons Environment 
Committee (HCEC, 1994) report on shopping patterns and the vitality of town centres their 
concerns that the multiple retailers, having completed their programme for out-of-town 
developments would move back into urban areas and ‘target’ market towns seem to have been well 
founded*^ .^ In October 1998 an edge-of-town Safeway store opened in Denbigh which is a market 
town of less than 10,000 inhabitants that now has three large edge-of-town supermarkets and one 
medium sized town centre supermarket.
Almost all car-owning households in the UK now have access to an edge- or out-of-town 
superstore and based on this (and other) analysis the majority shop at superstores by car (Figure 
3.49). PPG 6 and 13 can not do anything to alter this situation as they do not address existing 
developments. Raising fiiel duty so that fuel prices increase above the rate of inflation is an 
approach that was considered in Appendices 1.3 and 2.7. The conclusion was that if fiiel duty is 
increased then alternatives need to be provided which are not dependent on high levels of transport 
demand. In the case o f transport-intensive sourcing and distribution and shopping by car, the 
alternatives that are proposed in this thesis are local sourcing, home delivery and shopping on foot, 
bike or by public transport. If  these alternatives became widespread then transport-intensive 
distribution and shopping would no longer be a ‘necessity’, which would raise the elasticity of 
demand for road transport fuels. This is why the alternatives to the multiple retailers have been 
investigated and are looked at in more detail in 4.8, 4.12 and 4.14.
However, there is one policy relating to transport and retailing that could have discouraged 
shopping by car: a tax on what is at present fi*ee car parking at superstores. The DETR (1998) 
recognised the problems associated with retailing outlets which are not accessible by modes other 
than the car and having ‘generous parking provision.’ The White Paper was expected by many to 
have included supermarket car parking charges (Transport 2000, 1998). Workplace rather than 
supermarket parking charges were proposed in the White Paper and the large retail developments 
were ‘encouraged’ to improve public transport access and to provide home delivery services 
(DETR, 1998).
4.6 Transport energy consumption compared to the nutritional energy content
One significant aspect of the contemporary food system is the ratio of energy outputs - the energy 
content of a food product - to the energy inputs - all energy consumed in cultivating, processing, 
packaging and distributing that food product. As was shown in Chapter 1 the energy ratio (energy 
out/energy in) for food products has decreased fi*om being close to 100 for subsistence and peasant 
systems to less than 1 in most cases in the present food system as energy inputs, mainly in the form 
of fossil-fiiels, have gradually increased. The food system is now a net energy consumer and in 
extreme cases values (for the energy output/input ratio) o f 0.002 are observed for winter 
greenhouse vegetables (this is only for vegetable cultivation and excludes processing, packaging 
and distribution) (Weizsacker et al., 1998). Many energy ratios have been calculated by looking at 
cultivation and farming systems alone, not including the energy consumed in processing, packaging 
and distribution (Leach, 1976 and Weizsacker et al., 1998). However, the results of this analysis 
and others by Cowell and Clift (1996), Boge (1993 and 1994) and Holzapfel (1995) show that
126 ppQ g 1 3  i^ave been revised several times over the last 10 years (see Appendix 2.6).
A report by Goddard (1998) commissioned by the Government confirmed that serious damage has been caused to 
market towns as a result of supermarket expansion.
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transport energy consumption is significant, and if included in these ratios would mean that the ratio 
of energy outputs to inputs would decrease fiirther.
A kilogram of apples typically contains 2.31 MJ of nutritional energy and 16 grammes of protein. 
The ratio of product nutritional energy (output) to transport energy (input) therefore ranges fi*om 
infinity (true environmental sustainability) in the cases where there is no transportation (home 
grown and locally sourced apples) to a minimum ratio value of 0.13 for the maximum transport 
energy consumption associated with imported apples in Denbigh and 0.22 in Brixton. Based on the 
results of several of the transport systems for apples consumed in Denbigh and Brixton, as listed in 
Appendices 3.9 and 3.10, Figure 4.17 provides the range of values for the ratio of nutritional 
energy of a kilogram of apples to the energy input associated with transportation. When these 
energy ratios (of 0.22 and 0.13) are compared to those analyses which have determined the energy 
ratio of farming and cultivation alone (the energy consumption up to the farm gate) they are 
comparable to energy-intensive beef and chicken production and are at the lower end of the scale 
for the products which Weizsacker et al. (1998) have reviewed.
4.7 Transport energy consumption compared to the energy consumption of cultivation and 
packaging
Another important indication of the significance of transport in relation to the total life-cycle energy 
consumption can be determined for each possible life-cycle by comparing the energy consumed in 
cultivating a fi’esh finit and vegetable product to that o f packaging and distributing that product to 
the consumer. Stadig (1997) has calculated, as part of a Life Cycle Assessment, that the energy 
consumption in intensive apple cultivation (where pesticide and fertiliser are applied) is 0.5059 MJ 
per kilogram of apples in Sweden, 0.59737 MJ/kg apples in France and 0.3789 MJ/kg apples in 
New Zealand with the average being 0.5 MJ per kilogram of apples (this is the energy consumed up 
to farm or orchard gate)^^ .^ If  no pesticide or fertiliser is applied, and there is no mechanisation 
associated with apple production the direct energy consumption associated with apple cultivation is 
zero, which applies to homegrown and locally sourced apples looked at in this analysis (Stadig,
1997).
Figure 4.18 shows all of the stages in the life-cycle of a firesh product. In the case of a dessert apple 
no energy is consumed in the retail, consumer, or waste management stages, the three stages in 
which energy is consumed being: transport and distribution, growing (cultivation, harvesting and a 
short period in cold storage), and packaging. The total life-cycle energy consumption of home 
grown and locally, nationally and globally sourced apples can then be estimated. Figure 4.19 shows 
the results of this study for the transport and distribution subsystem together with the data fi*om 
Stadig (1997) for the energy consumption of apple cultivation and packaging. What is clear fi-om 
Figure 4.19 is that for a fi-esh finit product such as dessert apples, in which storage and cooking (in 
the home) are not required, the total energy consumption is directly related to the source of the 
product (research objective 9). This is because when grown commercially, the energy consumption 
for production is fairly constant (with a range of 0.22 MJ/kilogram of apples), wherever the product 
is grown, and is on average 0.5 MJ/kg, and when home grown is zero, as no external inputs are 
required (in all cases considered in Denbigh and Brixton). The other two stages, packaging and 
transportation, are directly linked, in that as the distance that the product is transported increases 
and as the number of transport stages increases, the more primary, secondary and transport 
packaging is required. Thus home grown produce does not require any packaging, packaging of 
locally sourced produce requires up to 0.035 MJ/kg, and imported produce up to 0.16 MJ/kg.
These are the results of only one analysis by Stadig (1997). However, the values for the energy consumed are 
relatively consistent, with a range of 0.22 MJ/kilogram of apples. This is the difference between the energy 
consumption of apple cultivation in New Zealand and in Sweden, which amounts to only 5.5% of the energy 
consumed in transporting apples by ship from New Zealand to Europe (which is 4 MJ/kilogram of apples).
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Therefore, local systems of cultivation and distribution not only consume less energy in the 
transport sub-system but also in the packaging sub-systems and the total life-cycle energy 
consumption is minimised (research objective 9).
Although this dissertation has concentrated on the transport and distribution sub-system, the other 
stages, notably agriculture, retail and waste management, are all inter-connected and, as has been 
shown, are dependent on transport systems. This is particularly true in the predominant production, 
distribution and waste management systems at present which are based largely on global and 
national sourcing and are transport-intensive. In terms of research objective 9, Figure 4.19 shows 
not only that transport energy consumption increases as the distance between producer and 
consumer increases but also that:
i. the energy consumption of the transport sub-system in all cases (home grown, locally, nationally 
and globally sourced) is significant and consumes by far the greatest portion of the total product 
energy consumption;
ii. in the life-cycle of apples the transport-related energy consumption is an order of magnitude 
(between 6 and 35 times) greater than the energy consumed in cultivation;
iii. the total life-cycle energy consumption (growing, packaging and transport), as for the energy 
consumption of the transport subsystem when considered separately, increases as the spatial 
distribution of the product life-cycle increases; in other words as the distance between producer 
and consumer increases, the total environmental impacts also increase.
The point being made is that it is not only the transport stages in the life-cycle o f a product which 
are dependent on ‘unsustainable’ levels of fossU-fuel energy use (high levels of thermodynamic 
throughput), but also the other subsystems in the lifecycle of fi-esh food products, when based on 
global sourcing and centralised distribution. The goal of minimising the thermodynamic throughput 
associated with the transport and other sub-systems associated with meeting our nutritional needs is 
therefore satisfied when the distance between producer and consumer is minimised.
When the energy consumption of growing apples is compared to the transport energy (which has 
been determined in this study) then the magnitude of the various systems of transport and 
distribution becomes more evident, as shown in Figure 4.19. The transport-related energy 
consumption of locally sourced apples is between 0 and 3.62 MJ/kg apples, which in the case of the 
latter is over 6 times the energy consumed in apple cultivation. When sourced in Britain the energy 
consumption of transportation is between 1.5 and 26 times greater than growing the apples and 
when imported the factor increases to between 3 and 35 times greater. This shows that (in the case 
of dessert apples) when compared to the energy consumption of the other components of the food 
supply chain (Figure 4.18), the transport and distribution system is not only many orders of 
magnitude greater than producing the apples in the first place, but can also contribute a significant 
proportion of the total energy consumption. This is a significant finding m relation to research 
objectives 5, 7, 9,11 and both hypotheses.
4.8 Reducing the transport-related environmental impacts of fresh produce distribution.
The total energy consumption of each transport system depends on both the number o f individual 
motorised transport stages in that system and the energy consumption of each stage, as shown in 
Appendix 3.11. The latter is in turn a function of the fuel consumption which is influenced by:
i. the vehicle;
ii. the distance; and
iii. the load.
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It is these three factors which determine the energy consumption of each stage and variations in 
these parameters which give rise to the range of values for each transport stage. Figure 4.13 shows 
which parameters are variable (v) and which are constant (c) for each stage. It is therefore 
variations in either the distance or load which result in the minimum, average and maximum values 
for each stage, and the range of values shown in Appendices 3.9, 3.10 and 3.11.
There are essentially two options for reducing the transport-related environmental impacts 
associated with the apple sourcing and distribution systems that have been assessed in this study. 
These are:
• a modal shift to more environmentally benign modes of transport in one or more transport stages 
in existing systems, but with the spatial distribution of production and distribution systems and 
the number o f  transport stages unchanged’,
• reducing the number o f  motorised transport stages in systems of production and distribution. 
This would require a more ftmdamental change so that alternative systems which are not 
dependent on global sourcing and centralised distribution within Britain are developed. This 
implies that either non-motorised transport systems are utilised for certain transport stages, for 
example, walking and cycling when shopping, or that the number of motorised transport stages 
is reduced, which means that the product is sourced closer to the point of consumption.
4.8.1 A modal shift in existing transport systems
Within existing transport systems there are several ways in which the environmental impacts 
associated with transport systems could in theory by reduced. The options that are discussed here 
are:
i. a logistical change so that imports arrive at different ports which are either closer to the 
distribution centres or retail outlets; and/or British apples are also sourced closer to distribution 
centres or retail outlets;
ii. a modal shift from road freight distribution to rail or inland waterway in stage 1 (the movement 
of imported apples from orchard to port of departure) and stage 3 in which the product is 
transported to distribution centres or wholesale markets, and then in stage 4 (transportation from 
distribution centre to the retail outlet in question);
iii. shopping by public transport, on foot or by bike.
Logistical changes
Altering the port at which imported apples arrive so that the next stage, in which the product is 
transported to distribution centres by HGV, is reduced is one option for reducing the environmental 
impacts associated with imported produce. For example, when apples imported from the US state 
of Washington are shipped to Liverpool, rather than in most other cases for imports to ports in the 
South-East of England, this enables a considerable energy reduction of up to a factor o f  43 
compared to imports arriving in the South-East of England*^ .^ This change in port of arrival would 
not considerably increase the distance which apples are shipped, if at all, but would result in a 
significant reduction in the number of lorry movements between the ports of the south o f England 
and the rest of England, Wales and Scotland. The potential for this type of re-routing has also been 
identified in the Transport White Paper:
As shown in Section 3.13.3.
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‘Research has indicated that there may be potential to divert about 3.5% of the UK’s road freight traffic to water, 
split between ships re-routing to ports nearer to the origin and final destination of their cargo and the potential for 
bulk and unit loads to shift to coastal traffic’ (DETR, 1998).
The other logistical change within existing transport systems is for retailers to source apples grown 
commercially in Britain firom regions closer to their stores. As discussed in Section 3.13.3 and 
shown in Figure 1.2.3 in Appendix 1.2, if produce destined for Denbigh, which first of aU passes 
through distribution centres in Liverpool (the wholesale market) and St. Helens (the RDC for 
Somerfield), were sourced in the West Midland and Worcestershire instead of Kent, then the 
distance which the apples are transported could be more than halved. The opposite is true for 
apples distributed to Brixton, in which case Kent is the closest source and the West Midlands and 
Linconshire the most transport-intensive source, but again the distances involved could be more 
than halved if the nearest apple producing regions were selected.
Freight distribution by rail
Transfer of fi-eight fi-om large HGV lorries to rail would in theory reduce the energy consumption 
of apple distribution for stages 1, 3 and 4 by a factor of between 1.87 and 6.86, depending on the 
load rate (see source data in Figure 3.6.10 in Appendix 3.6). A factor of 2.7 is assumed here which 
uses the average energy consumption for electric trains (0.271 MJ/tonne-km) and the minimum 
value for large trucks (0.741 MJ/tonne-km) because in this study it has been assumed that all truck 
movements involve a full load of 20 tonnes (see source data in Figure 3.6.10 in Appendix 3.6). If 
trucks are operating with half a load, then the energy saving would increase to a factor of 5.5. The 
other environmental advantage which rail transport has over road is that the energy supply in the 
form of electricity is generated at one source. Therefore, air emissions can be controlled to a certain 
extent, compared to the dispersed nature of car and lorry exhaust emissions*^  ^(RCEP, 1994).
The stages in which there is potential for a transfer from road to rail are 1, 3 and 4 which concern 
the movement of apples from orchard to port of departure; either the port of entry, in the case of 
imports, or from the region of production, in the case of British apples, to a distribution centre; and 
from distribution centre to retail outlet, respectively. A modal shift in stages 3 and 4 to fresh 
produce distribution by rail would be feasible for greengrocers and market traders in many instances 
because their produce passes through traditional wholesale markets that are located in the major 
cities which have access to the rail network. However, when considering the transfer of apple 
distribution from road to rail freight in the case of the multiple retailers, the following problem 
arises:
• because of their dependency on road freight transport the regional distribution centres of the 
multiple retailers are located near main roads and motorways.
The following constraints would prevent a shift to rail distribution in the case of both independent 
grocers and the multiple retailers for the whole of the journey in many instances for stages 3 and 4.
• The rail network is only half the size it was at the beginning of the century and many stations 
have been closed in rural areas (RCEP, 1994). Apples would therefore, in many cases, have to
Due to energy losses during generation and transmission of electricity and the emissions for each energy carrier 
(Figure 1.8) there is not a factor of 2.7 difference (a 63% reduction) in carbon dioxide and other air emissions 
when freight is transferred from road to rail. Rail freight reduces carbon dioxide emissions by 14% per tonne- 
kilometre and nitrogen oxides emissions by 88% per tonne-kilometre but there are increases in particulate matter 
of 6% per tonne-kilometre (Figure 3.6.10). Therefore, the benefits in terms of carbon dioxide emissions of a modal 
shift from road to rail are not as significant as the reduction in the fossil fuel energy consumption.
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be transported by road from orchards to the closest freight siding, which can cause additional 
problems in the transfer from HGV to train;
• The railway station in Denbigh and the line connecting Denbigh to both London and Liverpool 
were closed in the 1960’s.
Transfer to rail would result in a reduction in fossil-fuel energy consumption and certain emissions, 
where this transfer is possible, but there would be practical problems, and in the case of Denbigh it 
is not possible for the whole journey. In the case of Brixton, as the wholesale market is situated in 
London, then transport of apples from either the port of entry or production region in Britain is 
feasible, and considering the problems of congestion and air pollution in London it would also bring 
social and economic benefits as well as a reduction in fossil-fiiel energy consumption. The RDC of 
Tesco is situated in Snodland in Kent and the transfer of stages three and four to rail would require 
a siding at the distribution centre, otherwise the freight would have to he transported to and from 
the nearest siding or rail head by truck.
Shopping in a smaller car or by public transport, and home delivery schemes
Research objective 6 is concerned with the movement of produce from retail outlets to the home 
(stage 5) and Figures 3.53 and 3.54 show the relationship between the distance travelled, type of 
car and energy consumption associated with shopping trips by car or bus in which apples are 
purchased. The size of the car (engine) and the distance travelled are both important factors in 
terms of energy consumption of shopping trips. In Figure 3.53 the figures are higher in Brixton due 
to the entire journey being in urban conditions, whereas in Denbigh only two kilometres of each trip 
are in built up conditions. The ‘ratio’ shows that a large petrol car with no catalytic converter 
consumes 2.3 times more energy than a small diesel car in Denbigh and 2.8 times more energy in 
Brixton.
The environmental impact of shopping can be reduced significantly, to zero direct energy 
consumption, by reverting to non-motorised movement of goods to the home, such as shopping on 
foot or by bicycle. If  this is impracticable then the next best environmental option is home delivery. 
Figures 3.50, 3.51 and 4.20 provide a summary and a comparison of the data used for shopping and 
home delivery in Denbigh and Brixton. Home delivery results in an energy saving of between 0.104 
and 4.129 megajoules per kilogram of apples in Brixton, a reduction in energy consumption by a 
factor of between 2 and 25 over shopping by car at the Tesco store. Figure 4.20 also shows that in 
Denbigh, home delivery is a factor of between 3 and 24 times less energy-intensive than shopping 
by car at the Somerfield store, with a significant energy saving of between 0.235 and 7.915 
megajoules per kilogram of apples.
4.8.2 Reducing the number of transport stages in which fossil-fuels are consumed
The other options for reduced environmental impact m fresh produce sourcing and distribution are:
i. import substitution so that there would by no stages 1 and 2 and therefore a maximum of 4 
instead of 6 transport stages;
ii. shopping on foot or by bicycle and home delivery by bicycle;
iii. home composting instead of transportation of organic waste to landfill;
iv. alternative local distribution systems including home grown or locally sourced produce with 
reduced (or even no) need for motorised transportation.
The feasibility and considerable energy saving of option (i) are discussed in Sections 4.2 to 4.3 and 
will not be repeated here. Options (ii), (iii) and (iv) also offer opportunities to reduce and even 
minimise the transportation associated with the deliveiy of apples to the consumer and are assessed 
in the following sections.
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4.8.3 Shopping without a motorised vehicle: shopping on foot or by bicycle and home delivery
by bicycle
There are significant energy savings to be achieved by replacing shopping trips by car with modes 
of transport that do not have a direct environmental impact, such as walking and cycling. This is 
because in many of the transport systems associated with apples distributed to both Denbigh and 
Brixton, shopping by car consumes a large fi-action of the total transport energy consumption as 
shown in Appendices 3.9, 3.10 and 3.10 and Figures 3.34 and 3.35. If  one or more shopping trips 
on foot or by bike replaced a single shopping trip by car in Denbigh, the energy saved would be 
between 0.35 MJ and 8.26 MJ, and in Brixton between 0.19 MJ and 4.3 MJ of fossil-fuel energy 
consumption could be avoided. As discussed earlier, many surveys including those of DoE and the 
sample survey in this study have shown that superstores and particularly edge-of-town and out-of- 
town stores have significantly higher car modal splits. Although the number of out-of-town retail 
developments being built has slowed, there are already over 1000 superstores and many are situated 
in out-of-town and edge-of-town locations which are not easily accessible on foot or bicycle. The 
influence of land use changes and retail development at out-of-town locations on demand for car 
travel and increased car traffic generation has only recently been acknowledged. PPG 13 and PPG 6 
are aimed at reversing the transport generation and environmental impacts associated with large 
scale retail development at out-of-centre sites which have been observed over the last twenty years. 
Without measures to discourage car shopping at these locations the number of shopping trips and 
the environmental impact associated with each is unlikely to decrease. The introduction of 
supermarket car parking charges was avoided in the Transport White Paper (DETR, 1998) and the 
closure of out-of-town stores does not seem to be on the political agenda, but if the targets set by 
the government (DETR, 1998) for increases in the proportion of shopping trips carried out by 
walking, cycling and public transport as well as home delivery are not met over the coming years, 
then alternatives will have to be considered:
‘We will be looking for significant progress to be made in the form of better access by public transport, walking 
and cycling and reduced car dependency for travel to retail sites. We will ask the Commission for Integrated 
Transport to assess the effectiveness of this approach in meeting the twin aims of reducing the need to travel by car 
and improving access to goods for people without a car’ (DETR, 1998).
One way of meeting these ‘twin aims’ (which the White Paper did not consider) is to introduce 
alternative marketing systems and alternative local production and distribution systems, which the 
multiple retailers do not and can not provide. Examples of these types of schemes are discussed in 
Section 4.14.
4.8.4 Home composting instead of transportation of organic waste to landfill
Owing to the low energy consumption of stage six in the micro analysis, the stage in which any 
waste or leftover apple is transported to landfill is relatively insignificant in terms of the total energy 
consumption of individual transport systems (Figures 3.34 and 3.35).
If the transport systems in which apples are sourced in Britain or are imported and are distributed 
via a wholesale market or RDC are considered (systems 1 to 16 in Appendix 3.3), then the 
instances where any leftover or waste is taken to landfill rather than composted in Denbigh (the 
minimum, average and maximum values for stage six are 0.031, 0.102 and 0.308 megajoules per 
kilogram of apples, respectively) correspond to between 1.3 and 16 per cent of the total energy 
consumption. The minimum value for stage 6 (0.031 MJ/kg apples) is 1.3-3.9% of total transport 
energy consumption (Energyminimum); the average value for stage 6 (0.102 MJ/kg apples) is 1.6-8.4%
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of Energyavera ;^ and the maximum value for stage 6 (0.308 MJ/kg apples) is 1.7-16.0% of 
Energymaximum (Appendix 3.11).
Despite these relatively small values for stage 6 there are several reasons why home composting is 
to be encouraged rather than transporting the putrescible waste to a landfill site. The first reason is 
that fi*om a micro perspective, on the basis of a kilogram of apples, the energy consumption is small 
because of the relatively large capacity of the bin wagon. If, however, the transport energy saving 
of home composting, not just apple waste but all household organic matter (each week or over a 
year), is considered, then the number and fi*equency of refiise collection trips can be reduced 
dramatically. Organic waste accounts for approximately 20 per cent of household waste, around 4 
million tonnes per year (Garnett, 1996). Apart fi-om a reduction in the quantity of household waste 
there may also be no need for weekly waste collection, (especially if all paper and card were also 
composted or separated for collection to be recycled), for if the organic component were separated 
there would be no remaining material which decomposes, and therefore no hygiene problem or 
smell.
Apart fi*om the transport energy saving, the problem of methane generation from landfill sites would 
be averted. In terms of greenhouse gas emissions this could have even more significance than the 
transport-related carbon dioxide emissions avoided by composting the putrescible waste, as 
methane has a global warming potential 21 times that of carbon dioxide (Whitelegg, 1993)^^\
By composting all organic matter the compost/fertiliser produced could replace the commercial 
inorganic or peat based alternatives. In which case, energy-intensive synthetic fertiliser manufacture 
and the transport-related environmental impacts associated with fertiliser manufacture and 
distribution could be avoided. In the case of peat based compost the destruction of sensitive 
habitats and ecosystems as well as transportation is avoided.
Currently only 0.5% of household waste is composted and the Government’s White Paper on 
domestic waste management has set targets on composting in England and Wales (Garnett, 1996). 
These are:
• 40 per cent of households with a garden to carry out home composting by 2000;
• 40 per cent of the total market requirements for soil improvers and growing media in the UK to 
be supplied by non-peat materials by 2005 (Garnett, 1996).
Therefore, home composting schemes are also advocated by government as part of domestic waste 
management policy. The final reason for composting is that it fits in with the goal of creating a 
circular metabolism and ‘closes the loop’ in terms of the human food cycle, as food waste is 
returned to the soil to re-enter the productive cycle (see the discussion in Appendix 1.1 and Figure 
7 in this appendix). Environmentally benign soil improvers and growing media would be required if 
apples are to be cultivated locally across Britain in gardens and parks, on roof-tops and on re­
claimed land in the form of car parks and other brownfield sites. Therefore, composting food waste 
avoids the environmentally damaging systems of production and distribution associated with 
commercial fertiliser manufacture and the transport of organic ‘waste’ to landfill where it becomes 
an environmental burden in terms of methane emissions, instead o f  being used as a resource.
It has been estimated that methane accounted for 20% of the enhanced greenhouse effect in the 1980’s (RCEP, 
1994; Figure 2.10).
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4,8,5 Local production and distribution systems
The results of this analysis are conclusive in that the transport-related environmental impacts 
associated with delivering an apple to a consumer in Brixton or Denbigh are minimised for locally 
sourced or homegrown apples. Examples of the local sourcing of dessert apples in Brixton and 
Denbigh and existing initiatives in other parts of Britain are discussed in Section 4.14 as well as the 
changes in land use, marketing and distribution that local cultivation and sourcing systems will 
require.
In the following sections the issues discussed above are assessed in relation to:
• examples of reducing and of minimising the transport demand associated with apple sourcing and 
distribution;
• the goal of niiiiimising the thermodynamic throughput of transport systems and the potential for 
a factor-10 reduction in the throughput of existing/predominant production and distribution 
systems;
• transport systems associated with the provision of food and sustainable development.
4.9 An example of reducing and minimising the transport demand associated with apple 
sourcing and distribution
The approaches to reducing and to minimising the environmental impact o f transport systems, 
which were discussed in Section 6 of Appendix 2.7, Section 2.10.1 and Sections 4.8 to 4.8.5, will 
now be tested using the results from this study. In Figure 4.21 these two approaches are 
represented as:
i. attempting to alter existing systems of production by a modal shift and developing home delivery 
(indirect approach) is shown by the change A - D - G;
ii. developing new, localised systems o f production and distribution (direct approach) shown by 
changes A-F and B-E.
The present situation, described by the A, B and C represents globally sourced, locally sourced and 
home grown apples, respectively (The average energy consumption values for Denbigh in Appendix 
3.11^^^). Point (A) represents the total energy consumption of 6.45 MJ/kilogram apples, for apples 
imported from the USA which arrive at the port in Liverpool, are then distributed via the regional 
distribution centre (RDC) at St. Helens and sold at the Somerfield supermarket in Denbigh; 
shopping is by car and any waste taken to landfill. (B) represents the case in which the apples are 
grown locally, and sold by a local grocer (Rowlands); shopping is by car, and waste is taken to 
landfill (1.16 MJ/kilogram apples). Finally, (C) (0 MJ/kilogram apples) represents home grown 
apples where any waste is home composted.
The move from A to D reduces the total energy consumption to 4.943 MJ/ kilogram apples by 
Somerfield introducing a home delivery scheme and if all apple waste is home composted, which 
together are likely to take at least two years. A fiirther energy reduction to 3.794 MJ/ kilogram 
apples could be achieved if the distribution from the RDC in St. Helens to Somerfield was shifted 
from road to rail (or rather nearest station). This would then be the minimum for this system, with 
no other possible energy reductions. An alternative would be a move by all consumers in Denbigh
In Appendix 3.11 there are 6 tables which represent the maximum, average and minimum energy consumption 
values in Denbigh and Brixton. In this example it is the average energy consumption values for Denbigh that are 
used. Point (A) represents the total energy consumption for system 1 of 6.45 MJ/kilogram apples; point (B) 
represents the total energy consumption for system 19 of 1.16 MJ/kilogram apples; and Point (C) represents the 
total energy consumption for system 30 of 0 MJ/kilogram apples.
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to homegrown or local consumption (A-F) which would take three years from the present to plant 
the trees and for the maximum yield using dwarf apple trees. The move from (B-E) is when home 
composting schemes and home delivery (by the local grocer) are introduced, in which case the 
transport-related energy consumption would be reduced to 0.244 MJ/kilogram apples.
Thus, the indirect approach could reduce the energy consumption of transportation from 6.45 
MJ/kilogram apples to a minimum of 3.79 MJ/kilogram apples, a 41% reduction, over a period of 
five vears. If, however, a direct approach was taken in the form of developing localised production 
and distribution systems, the energy consumed could be minimised to between 0 and 0.244 
MJ/kilogram apples over three years.
4.10 Reducing and minimising the transport demand associated with the food system: the 
multiple retailers and the alternatives.
It is the number of transport stages and the environmental impact of each which determine the total 
transport life-cycle impact associated with a particular product. If shopping is carried out by car 
(which constitutes the majority of shopping trips to supermarkets, particularly out-of-town stores as 
shown in the results of this analysis) and any post-consumption waste is transported to landfill by 
road, which is also almost always the case, then the number of transport stages for each sourcing 
option (i.e. local, national or imported) is constant. Therefore, when apples are imported there wiU 
always be six transport stages and when British apples are distributed via traditional wholesale 
markets or a regional distribution centre as in the case of the multiple retailers then there will 
always be four transport stages. The energy consumption for the delivery of imported apples to 
consumers in Denbigh and Brixton in these instances will, therefore, continue to lie in the range 
1.83-17.75 MJ/ kg apples for apples consumed in Denbigh and 0.795-10.44 MJ/kg apples for 
produce distributed to Brixton. The energy consumed in distributing British grown apples to 
Denbigh will be 0.43-13.20 MJ/kg apples and 0.301-6.062 MJ/kg apples for apples that are 
consumed in Brixton.
As shown earlier there is potential in reducing the environmental impact of distribution systems 
through a modal shift to rail for those stages and situations where this is feasible, while home 
delivery and home composting also have potential in reducing the total environmental impact of 
product transportation. However, when fresh produce is sourced globally and distributed centrally 
via a traditional wholesale market or an RDC, the example in Section 4.9 shows that a minimum 
transport energy consumption is reached even when there is an option of moving freight by rail 
(which will only be the case in a small number of the total transport stages currently by road).
Having shown that home grown produce and/or the local sourcing of fresh produce can achieve the 
goal of minimising thermodynamic throughput, resulting in low transport energy consumption per 
kilogram of apples (and even zero energy consumption in some cases) and that there is a minimum 
energy consumption for global and nationally sourced produce^^^ the following questions needs to 
be asked:
Can the multiple retailers source their products locally and avoid high external energy input and 
large-scale horticultural production and transport-intensive distribution systems? I f  so, what is the 
percentage o f  the fresh produce which they market at present that can be sourced locally?
As shown in Section 4.9 and Figure 4.21, there is a minimum transport energy consumption for imported produce 
(i.e. when all freight distribution stages are transferred to rail, shopping is not carried out by car and waste is 
composted). The transport-related energy consumption cannot be reduced further for imported produce, because 
there are still four transport stages and for British produce there will be two transport stages.
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The publicity that the reports by Boge (1994), Paxton (1994) and Raven, Lang and Dumonteil 
(1995) received, together with the general criticisms in the media relating to the influence of the 
multiple retailers on food production and distribution systems^ "^^ , have prompted a response by the 
supermarkets. In their Environment Report of 1996, Sainsburys considered local sourcing:
“We have begun sourcing produce from local suppliers near our Savacentre stores. For example, the Hempstead 
store in Kent, has been selling a range of vegetables and fruit from local Kent suppliers since September 1995, and 
will soon be introducing local salad produce. Stores in Edinburgh, Washington and Stockton are all currently 
stocking local vegetables and fruit when available”
Local sourcing of a few fl-esh products by Sainsbury’s may be happening in traditional growing 
areas such as Kent, which has been described as the ‘the garden of England’, but there is no 
evidence of local sourcing in any of the multiple retail outlets in either Brixton or Denbigh. 
Additionally, which products can be sourced locally, and will the multiples accept seasonal and 
limited availability as opposed to the present year-round marketing of fresh produce, some of which 
cannot be grown in Britain? Are the supermarkets now willing to deal with local small-scale 
producers, which they have so far avoided^^  ^ ? These questions will be answered over the next few 
years. If  the multiples begin to market local produce in all of their stores this will reduce the 
environmental impacts of the global sourcing and centralised distribution systems with which they 
are associated at present. However, if this gesture is intended to check the growth in alternatives to 
supermarkets in the form of farmers’ markets and fruit and vegetable box schemes^^  ^ in the short 
term, so that the multiples maintain and/or increase their market share*^  ^ (and subsequently return 
to global sourcing from large-scale producers), then this is an unwelcome move.
Localised sourcing and marketing systems in the form of box schemes, farmers’ markets and 
community orchards not only provide diversity and choice in terms of cultivation and marketing 
systems but, because they are all initiated by the local community, are also intended to be long-term 
(as outlined in Section 4.14). This stability and long-term commitment is essential in the process of 
developing sustainability. The success of the farmers’ market in Bath has also demonstrated that 
once the producers became established and were guaranteed a regular income, they began to 
diversify their production to provide a range of products through the year^^ .^ A wide selection of 
seasonal fruits, vegetables, dairy and meat products, preserves, and non-food products and crafts 
are now available. This diversity is also significant because as more locally sourced products 
become available, then the environmental burdens associated with meeting our needs each week or 
year are minimised (in terms of the freight transport and transport packaging that is avoided). Box
For example, the Food Programme on BBC Radio 4, demonstrations by livestock farmers during 1998, an 
investigation by the Office of Fair Trading in 1998/99 and also John Breach the Chairman of the British 
Independent Fruit Growers Association (see Appendix 4.1). The multiple retailers have been criticised in terms of 
their negative impact on small-scale agricultural production and independent retailers and the ‘food miles’ 
associated with their sourcing and distribution systems.
Remembering that the increases in the levels of fresh produce imports, road freight distribution of food products 
within Britain and shopping trips by car have occurred over the same period in which the market share of the 
multiples has also increased (as shown in Sections 4.5 and 2.9).
These ‘alternative sourcing and marketing systems’ have been expanding rapidly in both the US and the UK. 
More than 40,000 families in the UK now get a regular ‘vegetable box’ from a local farm. “In the US, there are 
now 2,400 registered farmers’ markets, with a combined turnover of billions of dollars” (Norberg-Hodge, 1998). 
Although the first farmers’ market in the UK began only two years ago in Bath, 40 farmers’ markets are now 
operating in England and Wales.
The primary objectives of the multiple retailers are to maximise sales, profits and returns to shareholders. These 
objectives have been persued without consideration of the inevitable negative environmental, social and local 
economic impacts of their policies (Raven, Lang and Dumonteil, 1995). There is no evidence at present that the 
multiple retailers are committed to a fundamental shift to source locally or that if this did happen the policy would 
not be reversed if local sourcing was not profitable.
So that the transport-related environmental impacts of other products could also be minimised.
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schemes avoid shopping by car altogether and because farmers’ markets, are located in town and 
city centres they are accessible to pedestrians and cyclists and by public transport. If  there is a 
sufficient range of produce available through box schemes and/or farmers’ markets then grocery 
shopping trips by car can also be avoided. On the other hand if a supermarket sources a few 
products locally but all other products involve transport-intensive sourcing and distribution, as in 
the case of the Sainsburys store in Hempstead in Kent (mentioned above) which sells a range of 
regionally sourced vegetables, the environmental benefits (before and after the point of sale) 
associated with a weekly shopping trip will be limited.
If the multiple retailers continue to operate as they do at present then they will not be able to revert 
totally to seasonal local produce and will remain dependent upon high levels of imported foodstuffs 
and road fi*eight transport. Also, because of the location of the majority o f their stores and the vast 
range of products (including processed and packaged foods and non-food items) which 
supermarkets offer, then the majority of shopping trips to supermarkets will continue to be by car. 
Thus, the transport-related environmental impacts, both before and after the point of sale, will be 
remain high.
The multiple retailers have expanded and been so successfiil because they operate on a national and 
an international scale. These economies of scale result in significant external environmental costs in 
relation to large scale and environmentally damaging agricultural production and transport-intensive 
sourcing and distribution systems. If  the localised sourcing and marketing of fi-esh produce 
(including apples) is to become more widespread then alternatives to the multiple retailers will be 
required. In Section 4.14 several examples of localised systems are provided. This is because a 
localised food system will include several ‘types’ of cultivation and marketing systems. For 
example, a community could be supplied with some of its food needs by local producers who 
market their produce through community supported agriculture schemes, box schemes, farmers’ 
markets, greengrocers or through ‘pick-your-own’ schemes. Other produce could be grown by the 
consumers themselves in allotments, gardens and on roof-tops. Alternatively parks, brownfield 
sites, designated areas in schools and hospitals and other open spaces in towns and cities could be 
converted to food production through community projects such as community orchards. There are 
many options, but all have one aim: to produce and distribute food in an environmentally benign 
way which also benefits the local community in terms of employment, social cohesion and access to 
free (or affordable) and chemical-free fresh finit and vegetables.
4.11 Minimising thermodynamic throughput and a ‘factor 10 economy’
Defining and measuring sustainable development is a difficult task but there is a consensus that the 
thermodynamic throughput associated with production and distribution systems has to be reduced - 
a process that has been called for by, amongst others, Jackson (1996) and Schmidt-Bleek (1993). 
Several quantified targets have been proposed which are associated with the achievement o f more 
environmentally sustainable production and distribution systems. These include:
i. Schmidt-Bleek has equated sustainability with a factor-10 reduction in material and energy 
throughput;
ii. Ekins calls for a 93% reduction in the environmental impact of each unit of consumption (Ekins, 
1992);
iii. The Intergovernmental Panel on Climate Change (IPCC) have called for a reduction in carbon 
dioxide emissions of 60 per cent.
In terms of the transportation avoided before the point of sale (as only a few items in every thousand items 
available are sourced locally) and also because the majority of shopping trips to supermarkets are by car.
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When the targets above are related to the source of the product it is clear from the results presented 
in Appendices 3.9, 3.10 and 3.11 and the discussion m earlier Sections (3.15, 3.17, and 4.5) that 
when the energy consumption for globally and nationally sourced apples is compared to that of 
homegrown apples, all of the targets above are met. These targets for a reduction in fossü-fuel 
consumption, carbon dioxide emissions and associated environmental impacts are also achieved 
following a move to the local sourcing of apples (when they are not purchased or collected by car) 
compared to the predominant sourcing and distribution systems at present (i.e. global sourcing, 
centralised distribution and shopping by car at a supermarket).
4.12 Transport, sustainable development and localised food systems
By concentrating on a human need and considering all of the possible cultivation, sourcing, 
distribution and marketing options for meeting this need, it is not only transport systems that are 
being assessed but also the other sub-systems of the food system (such as retailing) which influence 
the transport intensity within the food system. The environmental efficiency of all of the options for 
meeting this need are assessed and if sustainable development is given priority, then the most 
environmentally sustainable option will be promoted. However, at present decisions are made 
largely on ‘economic grounds’. The results of this analysis show that the transport systems which 
have evolved under the existing economic conditions and constraints (economic optimisation in 
isolation) and have become the most predominant systems are those systems which are transport­
intensive and have the largest environmental impact. It seems that economic and environmental 
efficiency are directly opposed. This is largely due to the fact that the environmental impacts of 
production, distribution and marketing systems are not considered in economic theory. Therefore, 
environmental deterioration is an inevitable outcome of making economic decisions without 
considering the associated environmental consequences. If sustainable development is given priority 
then systems of production and distribution are optimised on environmental, social and economic 
grounds. This is why further work is required to determine the economic and social impacts of each 
sourcing and marketing option for apples (and other products). I have touched upon some of the 
social and economic aspects relating to fresh produce cultivation, sourcing, distribution and 
marketing in this dissertation, including :
• imports displacing UK production, the ‘grubbing up’ of orchards and the resulting effects on 
unemployment levels, the vitality of local economies and the national balance of payments;
• the ‘social’ impacts associated with transport-related noise and air pollution, asthma attacks, 
aggravating heart and lung problems, accidents and deaths.
The issues which have not been discussed in detail are:
• ‘economic’ aspects including the financial flows associated with each marketing option- i.e. 
homegrown produce and locally, nationally and globally sourced produce;
• the fact that supermarkets represent flows of produce and goods into a locality and financial 
flows out of the locality to shareholders. Whereas in the case of locally sourced produce that is 
marketed in a box scheme, or through a local greengrocer or market trader, the financial flows, 
by and large, circulate within the local economy;
• the importance of improving access to and availability of cheap (or free) apples and other fresh 
fi*uit and vegetables '^^®;
• the health and food safety issues in relation to pesticide residues in apples^ "^ .^
140 The Department of Health recommends 5 portions of fresh fruit and vegetables should be eaten each day. UK 
consumers eat less fruit and vegetables than most consumers in EU countries, with an average consumption of 2.5 
portions per day (half of the recommended amount).
The latest government survey of fruit (conducted in 1997) found evidence of 32 different agrochemicals leaving 
detectable traces in apples. Nineteen samples of UK apples and 51 samples of imported apples were tested along
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The issues which could be considered in a comprehensive social, environmental and economic 
means/end analysis of a food product are listed in Figure 4.22. The main advantage of an analysis of 
a product from all three perspectives is that the conclusions can not be said to adversely effect 
another area (i.e. the conclusions of an environmental analysis being economically unacceptable). 
For example, environmentally benign production and distribution systems have often been described 
as having an adverse impact on economic activity and economic growth. However, if an analysis 
identifies an option in which economic and environment criteria are optimised then these criticisms 
cannot be made.
The conflict between environmental and economic objectives is an issue that also applies to trade, 
agricultural and transport poHcies*'*^ . For example, the DETR (1998) states that the goal of the 
Transport White Paper is to avoid transport-related environmental and social impacts and to 
develop a transport system ‘which supports our policies for more jobs and a strong economy, which 
helps increase prosperity’ Up until the mid-1990’s transport growth was accepted as a 
consequence of economic activities and lifestyle changes, and transport policies were not aimed at 
either reducing the volume of road traffic or increasing the costs of road transport. Transport policy 
has changed considerably in the last decade '^ '^^ . However, there is one issue in relation to transport, 
economic activity and sustainable development that has not been addressed in the majority of 
reports relating to the environmental impacts of the transport sector '^^  ^ (RCEP, 1994; DETR, 
1998). This is that many economic activities'"*  ^ are now highly dependent upon transport systems 
and as a result many goods are associated with high levels of transportation. This trend is 
exemplified in the food system by the sourcing and distribution systems and the locational policies 
of the multiple retailers (see Chapter 2). If the economy and economic development continue to rely 
on systems which are inherently transport-intensive, then environmental objectives will not be met.
In this thesis two approaches to transport, planning and retailing pohcies have been identified. The 
aims of these policies are to either reduce or minimise the transportation associated with meeting 
Our nutritional needs. In the case of the former, policies aim at gradually reducing the environmental 
impacts associated with the transport-intensive sourcing, distribution and marketing systems 
(described above) that now predominate, through a modal shift and by increasing the costs
with two samples of unknown origin. Fifty-one of the 72 samples contained multiple residues. Nine per cent of 
apples were found to contain the insecticide phosalone at levels which, the report acknowledged, could lead to 
consumption of the chemical at up to sbc times the acceptable daily intake. The Pesticides Safety Directorate 
announced in 1997 that they had found unexpectedly high variations in pesticide residues, noting that the risk of 
eating an apple with residue levels that might cause adverse health effects was 1 in 1000. Following this survey, 
the government issued advice that ‘consumers should wash finit before eating it, and that, whilst peeling finit is a 
matter of choice, it is a sensible additional precaution when preparing finit for small children’ (Hoskins and 
Lobstein). Of the total commercial UK dessert apple crop, 96.4% was treated with pesticides in 1997 (and 99.1% 
of Cox’s).
See Appendix 4.3.
If ‘more jobs, a strong economy and increasing prosperity’ are to be achieved under current economic conditions 
(i.e. transport-related environmental impacts being classed as external) and through economic growth, 
international trade and transport-intensive production, distribution and marketing systems, then this objective and 
that of avoiding transport-related environmental and social impacts, are incompatible.
As outlined in Appendices 2.6 and 2.7. The primary objective of the Conservative Government’s transport policy 
was to ‘assist economic growth by reducing transport costs’ (DoT, 1991). The policy of predict and provide has 
now been rejected and transport policy is aimed at reducing road transport demand: ‘The aim of future planning 
policies must be to reduce the need for movement’ (RCEP, 1994).
As discussed in Section 1.5, Parts (c) and (d) of Chapter 2 and Appendices 2.6 and 2.7.
Which have evolved in circumstances in which transport costs are low, high levels of road transport are accepted 
and the environmental impacts of transportation are classed as being ‘external costs’. These include the 
predominant food production, distribution and marketing systems and shopping patterns at present.
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associated with road transportation*"* .^ This approach is reflected in The Transport White Paper 
(DETR, 1998) which does not question global sourcing, centralised distribution and the transport­
intensive nature of the contemporary food system. Thus, the recommendations within the White 
Paper do not effect existing sourcing and distribution systems in terms of their spatial distribution 
and the distance and number of transport stages between producer and consumer. As a result 
environmental gains are achieved largely through a modal transfer. Whitelegg (1995) recognises the 
social and environmental advantages of a modal shift to rail freight but has recognised that “Such 
transfers would not, however, solve the ftmdamental problem of distance-intensive production and 
distribution systems”. Whitelegg (1995) refers to the modal transfer from road to rail as “weak” 
sustainability as there are environmental gains but this policy does not challenge “the ftmdamental 
processes driving up the demand for freight transport”. ‘Strong’ sustainable development therefore 
requires a more ftmdamental change*"*^ :
“ ‘Strong’ sustainability will be aimed at the growth process itself and through structural change, spatial 
readjustments, ecological taxation, strengthening of local economies and some modal transfer, will reduce the level 
of demand for freight transport while protecting and enhancing social and environmental objectives” (Whitelegg, 
1995).
The second approach is aimed at minimising the transportation associated with nutritional needs. 
This option has not been considered by policy makers and as a result has not been promoted as an 
alternative to current (and transport-intensive) sourcing, distribution and retailing systems. These 
alternative systems are all localised and are initiatives which ‘play an important and desirable role in 
promoting a diversity of markets and products and (where they have been established) are often of 
significant importance to the local economy’ (UK Round Table on Sustainable Development, 
1998). Wider issues relating to the positive social, economic and environmental outcomes of 
sustainable local food production schemes have also been highlighted in reports by the SAFE 
Alliance (Paxton, 1994), the National Food Alliance (Garnett, 1996), the BBC (Warburton, 1999), 
Pretty (1998) and more recently in a World Health Organisation (WHO) report (Robertson, 
1998)*"*^ . Robertson (1998) argues that public health in relation to food is now primarily concerned 
with the access, availability and consumption of a vride range of fresh and chemical-free finit and 
vegetables. The World Health Organisation (Robertson, 1998) has now recognised that ‘health’ is 
not simply an issue which is restricted to the health sector but is ‘determined by every other sector 
of the community’, and in the report ‘Urban Food and Nutrition Action Plan’ (Robertson, 1998) 
the WHO has discovered that local food production for local consumption can result in the 
following social, economic and environmental benefits:
• providing access to fresh and affordable local finit and vegetable produce:
• providing opportunities for local employment;
• stimulating local economic growth;
• enhancing local social cohesion;
• improving the quahty of the local environment;
• creating an opportunity for being more physically active by growing food and walking to local 
shops and/or allotments and community orchards;
• improving mental and psychological health.
147 This approach, by concentrating on the systems which predominate at present, has led the RCEP (1994) to state 
that: “Much of the volume and nature of freight transport is unavoidable in a consumer society.... We believe that 
a sustainable transport policy would be based on growth of no more than 10% a decade in the overall demand for 
freight transport over the next 30 years”.
This is consistent with the conclusion of this analysis.
Refer also to Appendices 4.4-4.6.
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In this report the WHO called for increased local production of fruit and vegetables for local 
consumption in both developing and industrialised nations and highlighted the strong links between 
nutritional, health, economic and environmental issues which ‘have never before been explored 
properly...(and that) it is becoming clearer now that growing, buying and eating local food products 
can not only reduce the risk of major disease but can also help to create a better environment and 
sustainable development for the local community’ (Robertson, 1998). These links are only 
discussed briefly in this dissertation, which is primarily concerned with environmental issues; 
however, there is strong evidence of the social, environmental and economic benefits of local food 
production and consumption systems*^ ** (Douthwaite, 1996; Garnett, 1996; Paxton, 1994; Pretty, 
1998; Robertson, 1998; Soil Association, 1998; UK Round Table on Sustainable Development, 
1998; Warburton, 1999).
This analysis has shown conclusively that localised systems minimise the transport demand and the 
transport-related environmental impacts when meeting our nutritional needs and that supermarkets 
have only limited potential in reducing these impacts. Therefore, localised systems are compatible 
with the goals of environmental, social and economic sustainability.
I f  farmers’ markets, fruit and vegetable box schemes (and other types o f  localised food systems) 
are able to minimise the environmental impacts associated with meeting our nutritional needs and 
also bring about social and local economic benefits, why haven’t they been considered, let alone 
promoted, by government in the various policies areas^^^ relating to the food  system?
It could be argued that data has not been available to demonstrate these benefits of localised 
schemes. However, if this is (and was) the case then the DETR or MAFF, as part of the process of 
identifying sustainable systems of production, distribution and marketing*^^, should have carried out 
or commissioned studies in order to obtain this information. The reason why localised systems and 
localised food production and marketing systems have not been investigated could be pohtical. The 
multiple retailers are now one of the biggest employers in the UK and have considerable lobbying 
power (Raven, Lang and Dumonteil). This could be one reason why a tax on supermarket car 
parking was not introduced in the Transport White Paper of 1998. Also, if the multiple retailers and 
their expansion (which has been an on-going process over the last 30 years) is questioned by policy 
makers and policies are introduced to support the expansion of localised food production and 
marketing systems, the multiples could argue that this would result in job losses in the freight 
transport, food processing, packaging and retailing sectors. However, if sustainable development is 
the primary objective then these circumstances should not prevent such a pohcy change*^ .^
4.13 A ‘sustainability’ indicator: providing information for consumers and policy makers
This dissertation has asked the fundamental questions - what is sustainable? and more specifically - 
what are the most environmentally sustainable ways in which we can meet our need of nutrition? In
Figure 4.22 shows some of the issues that could be assessed in a social and economic, as well as an environmental 
assessment. In terms of sustainable development this is an area which requires further work in order to look in 
more detail at the connections between social, environmental and economic issues when considering all of the 
options for meeting the human need for nutrition.
Therefore, in relation to Research Objective 8 this omission (and the fact that policy decisions have consistently 
allowed the multiple retailers to expand and operate transport-intensive sourcing and distribution systems) results 
in a major conflict between policies which promote sustainable development and other policies relating to the food 
system. This is an example of not applying the Integration Principle (Appendix 1.3).
The Government has made a commitment to the principles of sustainable development (including the Integration 
Principle) in several treaties and documents (The UK Round Table on Sustainable Development, 1996).
It could be argued that any job losses in the transport and packaging sectors would be matched by job creation in 
other areas, for example, in local (and labour-intensive) organic production, distribution and marketing. In the 
case of apples (2 in 10 of which are imported at present), localised production would require significant labour.
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order to answer these questions it has been necessary to decide first of all how environmental 
sustainability is quantified and to provide a tool that can quantify and compare all options for 
meeting a specific need. This approach has enabled a clear conclusion to be reached which can then 
be communicated to policy makers and consumers. There are three aspects of this analysis that the 
public and policy makers should be aware of :
• imports of food products which can be cultivated in Britain displace UK products, and this is to 
the detriment of British farmers and horticulturists. Food imports are also associated with the 
most environmentally damaging sourcing option;
• much o f the road fireight transport associated with food distribution is avoidable;
• sourcing fi*esh produce locally is the most environmentally sustainable way in which we can meet 
our need for this produce and even though further research is required, local cultivation and 
distribution can also lead to social and (local) economic benefits.
The simplest way in which the environmental impacts associated with cultivating, packaging and 
transporting a product can be communicated to the consumer is to indicate on the product the 
magnitude of these environmental impacts.
In the past, on the whole, neither wholesalers, retailers nor the consumers have considered the 
origin of products firom an environmental perspective, nor the environmental impacts associated 
with global sourcing and centralised distribution systems. The situation has changed somewhat in 
recent years in the advent of the studies by Boge (1993 and 1994); Cowell and Clift (1996); 
Holzapfel (1995); Whitelegg (1993, 1994 and 1994), and also the ‘Food Miles’ campaign by the 
SAFE Alliance (Paxton, 1994). These analyses have demonstrated the environmental impacts 
associated with transport-intensive global sourcing and centralised distribution, and many 
consumers, policy makers and food retailers are now more aware of the environmental impacts 
associated with transport-intensive distribution.
However, consumers are able to make environmentally conscious purchasing decisions only if the 
environmental impacts associated with cultivation, packaging and distribution are exhibited as some 
form of indicator on the product label. This is part of the process of integrating environmental and 
social considerations into decisions which were formerly based mainly on economic grounds. The 
EU has promoted these in the form of ‘eco-labels’. Environmental indicators also assist in public 
education and awareness which will be a crucial component o f sustainable development.
An example of an ‘environmental indicator’ on food packaging is the ‘pollution factor’ proposed by 
John Breach, who is a horticulturist fi*om Kent and the chairman of the British Independent Fruit 
Growers Association (BIFGA). Appendix 4.1 provides a summary of Mr. Breach’s proposal in the 
form of a letter which he sent to all MP’s. It is hoped that in the near future the author will use the 
results of this analysis in combination with the concept of the ‘pollution factor’ to provide an 
environmental indicator for fi*esh produce.
4.14 Local apple varieties and local self sufficiency in fresh produce: examples of local 
production distribution, and marketing systems.
“The reduction in the number of apple varieties grown and the pursuit of the ideal ‘commercial’ apple has slowly 
and insidiously changed our perspective of the finit itself. The notion of a succession of apples, with a series of 
different qualities ranging fi-om the refi-eshing summer apples through the richer autumn and winter kinds and 
finally to those that must be carefully stored until they reach maturity in the new year has almost disappeared. 
From a hundred years ago when every county and even every locality had its own specialities we have now 
arrived at a point where the apple has acquired a genetic identity largely defined in terms of a narrow range of 
colour, shape, texture and flavour. In the last 20 years, however, the movement to try and regain something of the 
richness of our apple heritage has gathered momentum. In part this reflects a more general realisation that the
183
price of modem production has been a loss of individuality and diversity and there are similar campaigns to 
recover the qualities of regional and traditional beer, bread and cheese.... and concerns about the effect of modem 
food production on the environment and human health has focused on the nature of what we eat. There is now a 
wider movement to protect these old varieties by growing them in gardens, planting them in parks and the grounds 
of historic houses, and by forming regional collections. In the meantime, in both Britain and America, farm shops, 
which began to appear in the 1960’s have responded to the demand for seasonal apples and a more extensive 
range, while in France and other parts of Europe, local markets and regional agriculture have also helped to 
sustain awareness of local varieties” (taken from the epilogue of The Book O f Apples, Morgan and Richards, 
1993).
In this section two issues are discussed. These are:
• organisations which promote the widespread cultivation of apples, including local varieties; and
• examples of the types of systems which have been identified as being the most sustainable in this 
analysis i.e. localised food production and consumption systems.
One organisation which is concerned with conserving old and new orchards is the charity Common 
Ground which promotes the planting of traditional local apple varieties. Common Ground also 
promotes ‘Apple Day’ which was introduced in Covent Garden in 1990 and now takes place in 
hundreds of towns and cities across Britain each year*^ "*. The Brogdale Horticultural Trust is 
another charitable organisation which replaced the National Fruit Trials which were run by MAFF 
at Wisley in Kent. Brogdale is the home of the National Fruit Collection which is a unique 
collection of varieties of temperate finits, including over 2,200 distinct apple varieties, that acts as a 
gene bank for the present and future plant breeding needs of the horticultural industry and the 
general public*
In the 1990’s there has been a resurgence of interest in food growing, not just in allotments, of 
which there are half a million (Garnett, 1996). Many schemes and initiatives have also been 
developed which are based on the concept of local food production for local consumption. The 
circumstances are different in each location and the decisions relating to where and how food is 
grown reflects local conditions and the preferences of the local community. The following are 
examples of local cultivation, distribution and marketing:
• farm shops;
• farmers markets in town and city centres (which in Britain began in Bath in 1997)*^ ;^
• community supported agriculture (CSA) - schemes operate either in the form of consumer co­
operatives, in which a group places an order with a grower each week, or a subscription system, 
when a grower prepares a budget and projected yield for the season and offers shares in 
advance. Sharers get a proportion of the harvest which in effect they ‘own’ and also share in the 
risks, rewards and responsibilities.
At one time it was customary to give apples at special times of the year as a token of friendship and to wish good 
health. Common Ground encourages people to give apples on Apple Day, which is held on the 21st October. This 
is also an annual celebration of our apple diversity which enables us to grow so many different apple varieties in 
Britain, and aims to highlight the connection between different varieties and particular locations and regions 
(Common Ground, 1998).
Research is also carried out at Brogdale into new varieties which have an extended season and/or are good 
keepers.
Farmers markets existed in many towns and villages across Britain up until the 1960’s. For example, a farmers’ 
market was held several times a week in Denbigh. This concept re-emerged in the US where there are now over 
2,400 registered farmers’ markets. Following the success of the market in Bath there are now over 40 existing or 
planned markets in the UK. To be eligible, the produce has to be cultivated or reared locally, within a 40 mile 
radius. Seasonal vegetables and fruits as well as meat and dairy products, crafts and other produce are marketed.
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• organic fruit and vegetable box schemes including those available for consumers in Denbigh and 
Brixton;
• permaculture schemes;
• local exchange and trading schemes (LETS and LETS-EAT);
• community projects including community orchards.
One example of a community led scheme is the Urban Oasis Project which has been developed in 
previously derelict waste land adjoining a tower block estate in Salford*^ .^ This project is an attempt 
to ‘revive the traditional orchard systems common throughout Britain until the 18th Century and to 
introduce a sense of ownership of the land and a sense of purpose generated by engaging in 
household food production which are ftmdamental determinants of social harmony and civic pride’ 
(Milroy, 1995). By using forestry, vegetable growing and fruit nursery techniques it was possible to 
equip the local community with the means to grow finit, nut, vegetable and fodder crops in an 
‘oasis’ system capable of producing up to 50 tonnes of food per hectare per year*^*. The Urban 
Oasis Project has been described as being ‘a practical and comprehensive self-help demonstration of 
‘best practice’ in the sustainable renewal of an inner city environment’ (Milroy, 1995). This is one 
of 36 examples of growing food in urban areas presented in a comprehensive report by the National 
Food Alliance (Garnett, 1996).
A project with similar aims but in a rural location is the Sustainable Agriculture in Devon scheme 
which receives European Funding. This project involves a variety of interrelated initiatives, 
including a concept design for sustainable agriculture at a farm in the Blackdown HiUs; the Devon 
Sustainable Agriculture Partnership; and the Local food Links Project Schemes like these are an 
important component of the Local Agenda 21 process in which sustainable development is 
promoted within local communities. ‘Local Agenda 21 officers are looking for ways to help people 
live more sustainable lifestyles. Linking the food that we eat with the local landscapes they come 
from is an excellent first step (Common Ground, 1998).
“The need for supermarkets to be linked by vast modem truck distribution chains with all the associated costs of 
‘food miles’ in pollution and greenhouse gas emissions is already calling into question the ftmdamental precepts of 
both urban and agricultural planning. Local food production is a concept whose time has come and various pilot 
schemes indicate that low-cost, easily replicable re-vegetation methods can reverse the process of environmental 
degradation if  applied on a wide enough scale, and if  local communities can regain the sense of ownership of their 
surroundings that has so often been denied them in the past. In Pendleton (Salford), people are working to secure 
the space around their high-rises, to break up the concrete, create orchards and allotments and eat fresh fruit once 
again. Local people are redeveloping traditional methods to suit modem needs and using local resources to solve 
local problems and basic needs are being secured by local initiatives rather than by ‘top down ’ and capital- 
driven re-developmenf’ (Milory, 1995).
In terms of the promotion of these types of ‘bottom-up’ schemes there are several organisations and 
individuals which advocate the sustainable local cultivation and distribution of finit and vegetables. 
These include:
• The Town and Country Planning Association (TCPA) which was involved in the original ‘urban 
oasis’ in the form of the Garden City a hundred years ago and continues to provide examples of 
local food production;
• The Sustainable Agriculture and the Environment (SAFE) Alliance which promotes locahsation 
through their ‘food miles’ report and campaign.
Further information on the Urban Oasis Project is provided in Appendix 4.4.
Compare this yield to that of commercial apple production (Figure 2.18).
Further information on the Sustainable Agriculture in Devon scheme is provided in Appendix 4.5 and details 
about the Local Food Links project are given in Appendix 4.6.
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• County and District Council initiatives which are often associated with Local Agenda 21 
schemes or concerns about the decline of orchards in their region. Somerset, Devon and 
Cornwall County Councils have produced lists of traditional regional apple varieties, their origin 
and connections with local history, and provide grants for developing new orchards and 
restoring traditional orchards;
• The Soil Association is promoting a national ‘Local Food Links’ project in order to develop 
‘sustainable local food economies’ and has published a guide - ‘Local Food for Local People’ - 
which describes schemes that already exist in which food is produced and distributed locally, as 
well as information on how to establish these schemes.
The local schemes which were assessed in this analysis in Denbigh and Brixton are not at present 
capable of supplying all of the dessert apples and other fresh produce requirements of these 
locations. If the food needs of these populations were to be met locally, then significant changes in 
land use would be required and food would be grown on derelict land, flat roof tops, supermarket 
car parks, gardens and the parks in and around Brixton and other cities*^ **. In rural areas like 
Denbigh, agriculture would need to diversify and household and local food production would need 
to be promoted.
In Figure 4.8 it is estimated that between 28,478 and 139,800 hectares would be required if Britain is to become 
self-sufficient in dessert apples. This is equivalent to between 0.15% and 0.4% of the area of the UK and between
0.2% and 0.6% of total UK agricultural area. If local self-sufficiency in apples is to be achieved then 
approximately three-quarters of the apple trees and orchards will be located in or around towns and cities (as over 
80% of the UK population live in towns and cities). Different varieties will need to be planted to provide a range 
of seasons. “A good collection, of say ten varieties, would include one summer apple, another for ripening in 
September, two for October and the remainder late keepers to take the supply through to spring” (Morgan and 
Richards, 1993).
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Figure 4.1 The energy consumption and air emissions associated with apple and all fresh 
produce imports in 1993
Energy CO2 CO HC NOx PM
GJ Tonnes Kilograms
Apples 684,990 47,439 154,684 32,796 1,437,868 289,089
All Fruit imports 3,638,714 251,999 821,692 174,215 7,638,053 1,535,661
All vegetable imports 2,930,697 202,965 661,808 140,316 6,151,849 1,236,853
Total Fresh Produce 6,569,411 454,964 1,483,500 314,531 13,789,902 2,772,514
Data source: Figures 3.27 and 3.31
Figure 4.2 The energy consumption and air emissions associated with apple and other fresh 
produce imports in 1993
EMISSIONS
Energy CO2 CO NOx
Million Therms Thousand Tonnes
Apple Imports 6 47 0.15 1.44
Total Fresh Produce Imports 62 454 1.5 13.79
UK Road Transport 15,785 (0.4) 121,200 (0.4) 6,050 (0.02) 1,460 (0.9)
UK Railways 384 (16) 5,800 (7.8) 10 (15) 50 (28)
AH UK Transport 19,853 (0.3) 139,400 (0.3) 6,100 (0.02) 1,670 (0.8)
All UK energy and emissions 60,463 (0.1) 566,600 (0.1) 6,710 (0.02) 2,750 (0.5)
Figures in parentheses show the percentage of fresh produce imports in 1993
Energy figures for the year 1993 and emissions for the year 1992
1 therm = 105.5 MJ
Data source: Figure 4.1 and DoT (1994)
Figure 4.3 The application of environmental taxes to the energy consumption and air 
emissions associated with apple imports in 1993
684,990 GJ 
154.7 tonnes CO 
32.8 tonnes HC 
1,438 tonnes NOx 
47,439 tonnes CO2
£4,568,883
£103,185
£21,877
£959,146
£1,565,487
£5,705,967
£136,600
£28,962
£1,197,854
£1,992,438
Total £7,218,578-£9,061,821
Figure 4.4 The application of environmental taxes to the energy consumption and air 
emissions associated with the maximum value for system 1 in Denbigh
Energy 17.75 MJ 0.1775 ECU
CO2 1000.8 grammes 0.050 ECU
CO 30.19 grammes 0.0302 ECU
HC 4.56 grammes 0.00456 ECU
NOx 19.95 grammes 0.01995 ECU
Total 0.2821 ECU
the tax would be 0.2821 ECU or between 19 and 23 pence per kilogram o f apples
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Figure 4.5 The application of environmental taxes to the energy consumption and air 
emissions associated with the average value for system 1 in Brixton
Energy 4.466 MJ 0.045 ECU
CO2 284.85 grammes 0.014 ECU
CO 3.904 grammes 0.004 ECU
HC 0.3845 grammes 0.0004 ECU
NOx 7.121 grammes 0.007 ECU
Total 0.0704 ECU
the tax would be 0.0704 ECU or between 5 and 6 pence per kilogram of apples
Figure 4.6 The application of environmental taxes to the energy consumption and air 
emissions associated with the maximum value for system 9 in Denbigh
Energy 13.20 MJ 0.132 ECU
CO2 680.9 grammes 0.034 ECU
CO 29.16 grammes 0.029 ECU
HC 4.324 grammes 0.0043 ECU
NOx 9.230 grammes 0.0092 ECU
Total 0.2085 ECU
the tax would be 0.2085 ECU or between 14 and 17 pence per kilogram of apples
Figure 4.7 The application of environmental taxes to the energy consumption and air 
emissions associated with the average value for system 25 in Brixton
Energy 0.766 MJ 0.00766 ECU
CO2 37.180 grammes 0.00190 ECU
CO 2.0750 grammes 0.00210 ECU
HC 0.1445 grammes 0.00014 ECU
NOx 0.1460 grammes 0.00015 ECU
Total 0.01195 ECU
the tax would be 0.01195 ECU or between 0.8 and 1 pence per kilogram of apples
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Figure 4.8 Estimates of the area of land and the number of trees that would need to be 
planted in order for Britain to become self-sufficient in dessert apples
i. Hectares
Yield 8 tonnes / hectare 18 tonnes / hectare
Minimum 64,075 28,478
Maximum 139,800 62,123
ii. Number of Trees (millions)
Yield 10 kilograms / tree 40 kilograms / tree
Minimum 51.26 12.82
Maximum 111.84 27.96
Notes
1. The minimum values in i and ii assume a population of 55 million and an average apple consumption of 9.32 
kilograms / person / year, which was the consumption in 1993 (HFS, 1994) . The total annual apple 
consumption is 512.6 million kilograms.
2. The maximum values in i and ii assume a population of 60 million and an average apple consumption 
(double that in i) of 18.64 kilograms / person / year. The total annual apple consumption is 1118.4 million 
kilograms.
3. The yields (MAFF, 1998) in terms of both tonnes / hectare and kilograms / tree are intended to reflect the 
following variations:
• the apple variety;
• the type of root stock e.g. dwarfing, semi-dwarfing and vigorous and therefore the maximum size and 
yield of the tree. The more dwarfing the rootstock the smaller the tree, and the sooner it fruits (and 
produces maximum yield) - but the crop will, of course, be smaller (Morgan and Richards, 1993);
• the location and therefore the impact of altitude, soil type and climate on the yield;
• the weather conditions in a particular year i.e. a bad year in which the yield is low will be one in which 
there are late frosts and hail and a very damp summer or one in which there is very little rainfall.
4. The commercial UK dessert apple output in 1996 was 105.4 million kilograms and the commercial UK 
dessert apple crop area in 1996/97 was 8,276 hectares. The apple crop area was over 25,000 hectares 
during the 1950’s and UK apple production peaked at just under 300,000 tonnes in the mid-1960*s.
5. 28,478 hectares is equivalent to 0.15% of the area of the UK and 0.2% of the total UK agricultural area. 
139,800 hectares is equivalent to 0.4% of the area of the UK and 0.6% of the total UK agricultural area.
6. If local self-sufficiency in apples is to be achieved then:
• approximately three-quarters of the quantities in i and ii will be located in or around towns and cities 
(as over 80% of the UK population live in towns and cities);
• different varieties will be planted to provide a range of seasons (see Appendix 1.2). “A good collection, 
of say ten varieties, would include one summer apple, another for ripening in September, two for 
October and the remainder late keepers to take the supply through to spring” (Morgan and Richards, 
1993);
• traditional and modern controlled-atmosphere and temperature storage equipment may be required.
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Figure 4.9 A Breakdown of the Energy Consumption of the systems in Denbigh and 
Brixton (MJ/kilogram of apples)
i. Denbigh
SYSTEM MINIMUM AVERAGE MAXIMUM
1-4 Imported / Multiple Retailer 2.09-2.47 4.77 - 6.45 9.18 -17.75
5-8 Imported / Grocer or Market 1.45 -1.83 3.46 - 4.55 6.15- 9.13
9-12 British / Multiple Retailer 1.41 -1.79 2.40-4.08 4.63 -13.20
13-16 British / Grocer or Market 0.77-1.15 1.11-2.20 1.61- 4.59
17-18 British / Box Scheme
19-22 Local / Grocer 0.05 - 0.43 0.07-1.16 0.11- 3.08
23-24 Local / Box Scheme 0.12 - 0.15 0.17 - 0.28 0.35- 0.65
25-28 Local / Allotment
29-30 Home Grown 0 - 0.03 0 - 0.10 0- 0.31
ii. Brixton
SYSTEM MINIMUM AVERAGE MAXIMUM
1-4 Imported / Multiple Retailer 0.81 -1.02 3.35 - 4.47 5.91 -10.44
5-8 Imported / Grocer or Market 0.58 - 0.80 2.72-3.49 4.67- 5.70
9-12 British / Multiple Retailer 0.31 - 0.53 0.75 -1.86 1.53- 6.06
13-16 British / Grocer or Market 0.09-0.30 0.16 - 0.93 0.22- 1.24
17-18 British / Box Scheme 0.15 - 0.17 0.19 - 0.26 0.26- 0.49
19-22 Local / Grocer
23-24 Local / Box Scheme
25-28 Local / Allotment 0 -0.21 0 - 0.77 0- 2.38
29-30 Home Grown 0 -0.02 0 -0.08 0- 0.23
Data source: Appendix 3.11 
Figure 4.10 The range of energy consumption for all thirty systems in Denbigh and Brixton
STAGE
%
§
1 2 3 4 5 6
to Port to Britain to Distribution to Store Home to Landfill
1-4 0.133 - 0.536 0.122 -4.004 0.017-0.333 1.289-4.307 0-8.260 0 - 0.308
5 -8 0.133-0.536 0.122 - 4.004 0.007-0.307 0.637-1.276 0-2.670 0-0.308
9-12 0.123-0.327 1.289-4J07 0 - 8.260 0 - 0.308
13-16 0.130-0.331 0.637 -1.276 0 - 2.670 0-0.308
17-18
19-22 0.053 - 0.106 0-2.670 0 - 0308
23-24 0.115-0345 0 - 0.308
25-28
29-30 0 - 0.308
1-4 0.133 - 0.536 0.122-4.004 0.030 - 0.102 0.291 -1311 0-4300 0-0.229
5 -8 0.133-0.536 0.122-4.004 0.058-0.096 0.023 - 0.045 0 - 0.800 0-0.229
9-12 0.022 - 0.222 0.291-1311 0 - 4300 0 - 0.229
13-16 0.065-0.170 0.023 - 0.045 0-0.800 0-0.229
17-18 0.059-0.089 0.086-0.171 0 - 0.229
19-22
23-24
25-28
29-30
0 -2.150 0 - 0.229 
0-0.229
Data source: Appendix 3.11
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Figure 4.11 The range of values for energy consumption for each stage of all systems
considered in Denbigh
( stage number shown on vertieal axis )
SYSTEMS 1-4
Global Sourcing / Multiple Retailer / Car
SYSTEMS 5-8 
Global Sourcing /;Grocer / Car
0
SYSTEMS 9-12 
Sourcing / Multiple Retailler / CarNational
SYSTEMS 13-16
1 Sourcing / Grocer / CarNationa
SYSTEMS 19-22
Sourcing / Grocer / CarLocal
SYSTEMS 23-24
urcing/Box Scheme / Carocal So
E
SYSTEMS 29-30
Home Grown
ENERGY CONSUMPTION (MJ / Kilogram of Apples)
Note: The shaded area represents the range of values for the energy consumed by each transport stage. The 
values do not begin at zero in all cases, for example, in stage 1 in systems 1-4 the minimum energy 
consumption is 0.133 MJ/kg apples (see Section 3.13.1). This plot is based on the data from Appendices 3.9,
3.10 and 3.11 which is summarised in Figure 4.10.
Data source: Appendix 3.11
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Figure 4.12 The range of values for energy consumption for each stage of all systems
considered in Denbigh
( stage number shown on vertical axis )
SYSTEMS 1-4
cing / Multiple Retailer / CarGlobal
SYSTEMS 5-8 
bal Sourcing / Grocer / Car
SYSTEMS 9-12 
National Sourcing / Multiple Retailler / Car
SYSTEMS 13-16
National Sourcing / Grocer / Car
SYSTEMS 17-18 
ional Sourcing / Box Scheme / Car
SYSTEMS 25-28
Local Sourcing / Car
SYSTEMS 29-30
Home Grown
2 3 4 5 6 7
ENERGY CONSUMPTION (MJ / kilogram of Apples)
Note: The shaded area represents the range of values for the energy consumed by each transport stage. The 
values do not begin at zero in all cases, for example, in stage 1 in systems 1-4 the minimum energy 
consumption is 0.133 MJ/kg apples (see Section 3.13.1). This plot is based on the data from Appendices 3.9,
3.10 and 3.11 which is summarised in Figure 4.10.
Data source: Appendix 3.11
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Figure 4.13 Variables for each stage which result in a range of values
Stage 1 - Various regions of production and therefore distances to port of departure.
Stage 2 - Imports from several countries therefore distance to Britain varies.
Stage 3 - The distance to a distribution centre varies depending on port of entry or the region of 
production in Britain.
Stage 4 - The energy consumption for deliveries to a store depends on the load which varies each day. 
Stage 5 - Energy consumption of shopping by car depends on the distance and the size / type of car. 
Stage 6 - The amount of leftover / waste from a kilogram of apples
Figure 4.14 The percentage of the total energy consumption of each transport stage
Denbigh (for systems 1 to 16: imported and British grown apples marketed in a superstore, 
greengrocer or street market)
E N E R G Y m evim u m E N E R G Y a v e r a g e E N E R G Y m a x im u m
STAGE 1 14-24 2-4 3 -9
STAGE 2 5-8 38-71 23-65
STAGE 3 7-23 1-23 2-21
STAGE 4 35-91 19-90 14-93
STAGE 5 14-31 22-47 30-62
STAGE 6 1-4 2 -8 2 -8
Brixton (for systems 1 to 16: imported and British grown apples marketed in a superstore, greengrocer 
or street market)
E N E R G Y m in im u m E N E R G Y av era g e E N E R G Y m a x im u m
STAGE 1 34-60 3-5 5-12
STAGE2 12-21 55-90 38-85
STAGE 3 4-73 2-81 1-79
STAGE 4 3-93 1-88 1-85
STAGE 5 19-68 23-81 25-88
STAGE 6 2-21 2-32 2-52
Data source: Appendix 3.11
Figure 4.15 The total annual energy consumption associated with apple imports
kilograms Energy Consumed Total Energy Consumption
Imported per kilogram of all apple imports
1952 152,000,000 1.642 MJ/kg apples 249,584 GJ
1970 261,000,000 1.642 MJ/kg apples 428,562 GJ
1997 438,900,000 1.642 MJ/1% apples 720,674 GJ
Data source: MAFF (1998) and Figures 3.27 and 1.9
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Figure 4.16 A Summary of the policies which have influenced the apple industry
International Free Trade 
Encouraged by GATT
EU Single Market introduced in 
1993 and plans for the Trans - 
European Road Network (TERN) 
at a cost of 120 billion ECU’s
Common Quality Standards in Fresh 
Fruit and Vegetables regime to 
encourage Trade in EU and with 
third Countries
Food From Britain to promote 
exports rather than import 
substitution
Specialisation and Intensive 
Agriculture Encouraged by 
EU under CAP
Over Production / Supply of Apples in the EU
and
Britain Importing 75per cent of apples consumed
Intervention Payments to Apple Producers 
for Surplus Production ( 980 million kg of 
apples withdrawn in 1994)
Apple Producers paid 5,000 ecu / hectare 
to stop producing and grub-up orchards
Britain having a Food Trade Deficit of £6.7 million, 
42% of which is in Fruit and Vegetables. 
Apple imports of over £184 million in 1993
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Figure 4.17 The ratio of energy out (the nutritional energy) to the energy in (the transport- 
related energy consumption for a kilogram of apples)
00- SYSTEM 30 in Denbigh and Brixton
100 
10 1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
SYSTEM 22 a v e r a g e  in Denbigh 
■ SYSTEM 23 m a x i m u m  in Denbigh
SYSTEM 9 a v e r a g e  in Brixton
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Note: The systems are described in Appendices 3.9,3.10 and 3.3.
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Figure 4.18 Energy consumption in the whole life cycle of a food product
ENERGY 
and I
MATERIALS
Transport and Distribution
Use: Storage, cooking etc.
Packaging and Processing
Waste Management
Agriculture
Retail
EMISSIONS
and
WASTE
Figure 4.19 The total energy consumption as a factor of the source of the product
HOME GROWN LOCAL NATIONAL IMPORTED
GROWING* 0 0-0.50 0.5 0.5
PACKAGING* 0 0 - 0.035 0.035 0.16
TRANSPORT & DISTRIBUTION 0-031 0-3.08 0.77-13.20 1.45-17.75
TOTAL 0-031 0-3.62 131 -13.74 2.11 -18.41
* Based on data from Stadig (1997)
Data source: Appendix 3.11
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Figure 4.20 Energy consumption of home delivery and shopping by car
Energy Consumption ( MJ/ kg apples ) *
BRIXTON DENBIGH
HOME DELIVERY TESCO MARKET HOME DELIVERY SOMERFIELD ROBERTS
Minimum 0.086 0.190 (2.2) 0.190 (2.2) 0.115 0.350 (3.0) 0350 (3.0)
Average 0.114 1.040 (9.1) 0.690(6.1) 0.173 1.580(9.1) 0.990 (5.7)
Maximum 0.171 4.300 (25.2) 0.800(4.7) 0.345 8.260 (23.9) 2.670(7.7)
* Ratio of shopping by car to home deliveryshown in parentheses
Data source: Figures 3.50 and 3.51 
Figure 4.21 Example of the energy consumption reduction for average systems in Denbigh
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All data is for systems with average energy consumption in Denbigh (Appendix 3.11)
(A) imported apples from the USA which arrive at the port in Liverpool and are distributed via a RDC at St. 
Helens and sold at the Somerfield supermarket in Denbigh, shopping is by car and any waste taken to 
landfill (6.45 MJ/kilogram apples);
(D) as in (A) apart from introducing home composting (to reduce the energy consumption by 0.102 MJ/ 
kilogram apples) and if Somerfield were to introduce a home delivery scheme ((to reduce the energy 
consumption by 1.609 MJ/ kilogram apples), which together are likely to take at least two years and 
reduce the transport energy consumption to 4.943 MJ/ kilogram apples;
(G) as in (D) apart from distribution from retail distribution centre in St. Helens to Somerfield shifted from 
road to rail, or rather nearest station and reduce the transport energy consumption to 3.794 MJ/ 
kilogram apples;
(B) apples are grown locally, sold by a local grocer (Rowlands), shopping is by car, and waste is taken to 
landfill (1.16 MJ/kilogram apples);
(E) as in (B) apart from composting schemes are introduced and the local grocer introduces home delivery 
(0.244 MJ/kilogram apples);
(C) home grown apples and any waste is home composted (0 MJ/kilogram apples);
(F) home grown or locally sourced apples which are picked-up by bike or on foot and any waste is home 
composted (0 MJ/kilogram apples);
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Figure 4.22 Examples of the social, environmental and economic aspects which would be 
included in a comprehensive means / end analysis of a food product and the interactions 
between these areas.
£ 2 c o n o m ± c
The source and the price of the Product 
[Financial flows within and out of the defined economy ] 
'sj’umover and ownership of the various retail outlet^ 
Energy, resource and transport costs
S S n . 'v l x r o n m .e n t a l
Energy and resource consumption 
Emissions to the air, water and solid waste 
Impact on countryside and biodiversity of 
transport and agricultural systems
S o o i a l
Local employment 
Affordibility / accesibUity to fresh produce 
Traffic levels, congestion, noise etc.
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Food Safety e.g. pesticide residue
198
CHAPTER 5; CONCLUSIONS and RECOMMENDATIONS
5.1 Introduction
The food system in industrialised nations has undergone significant change over the last 50 years. 
This thesis has focused on the fi*esh-produce sector in order to investigate the transformation in the 
way in which food is produced, distributed and marketed, and to determine the environmental 
implications. The underlying theme has been sustainable development. Although this concept has 
been rejected by some, there is a consensus that human activities must now be organised in such a 
way as to minimise adverse impacts on eco-systems and ourselves^^\ The conventional picture of 
the ‘economy’ is one in which the interactions between individuals and business are described as 
being circular, as shown in Figure 1 in Appendix 1.1. This picture, however, ignores two crucial 
aspects which were introduced in Chapter 1 and discussed in Appendix 1.1:
a. the spatial aspects of economic activity (Figures 4 and 6 in Appendix 1.1);
b. the energy required to ‘drive’ the economy and the pollution which is a result of this - i.e. the 
thermodynamic throughput of economic activity (Figures 1 and 4 in Appendix 1.1).
In this dissertation I have assessed the significance of these two aspects in relation to sustainable 
development. The aim has been to identify the spatial scale for fi-esh-produce cultivation, 
distribution and marketing which is the most environmentally efficient. The outline in Figure 1.7 
illustrates the approach, the procedures and the objectives of this thesis. The structure of this 
document is also based largely on the procedures which are described in Figure 1.7. Following the 
initial research I focused on the transportation within the food systems and upon completion of an 
analysis of the problem areas it became clear that there are two ‘extremes’ for fi*esh produce 
sourcing, distribution and marketing. These are localised cultivation/marketing systems and those of 
the multiple retailers (Figures 2.24, 2.25, 2.26, 2.30 and 2.35). It was also evident that localised 
systems constitute only a very small fi'action of fi-esh produce consumption in the UK and that the 
market share of the multiple retailers is now over two-thirds and continues to increase.
In order to make sustainability ‘operational’ the environmental impacts of aU of the options for 
meeting a particular nutritional need have been measured. This approach has provided an insight 
into the contemporary food supply chain (FSC) and has enabled the most sustainable options to be 
identified. One key element of the sustainable development process is a reduction in fossil-fuel 
consumption. The ‘unsustainability’ of current food production, distribution and marketing systems 
is, therefore, reflected in their being heavily dependent on fossil-fiiels. Although farming and various 
agricultural systems have been analysed to discover their energy efficiency over the last twenty 
years, the transportation within the food system has until recently been largely ignored. This is 
surprising in that it is obvious that the outputs (food and non-food products) of the most 
environmentally damaging forms of agricultural production*are, generally, transported to distant 
markets. Food retailing systems have also become increasingly dependent upon food imports and 
road transportation in the form of centralised distribution systems and shoppers arriving at their 
stores in cars. National and international transport statistics show a clear trend in that transport 
demand in the FSC, in the form of shopping trips by car, road fi-eight distribution o f food and 
international trade in foodstuffs by road sea and air, has increased significantly in recent decades. 
Transportation now plays a pivotal role in the contemporary FSC and the transport sector is more 
dependent on fossil-fiiels than any other in the food system.
The concept of sustainable development has been accepted as a national planning goal (RCEP, 1994).
These are highly mechanised and large scale agricultural systems which are dependent on high levels of external 
energy and resource inputs. The manufacture and supply of these inputs is itself transport intensive.
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Alternatives to fossil-fiiel-intensive agricultural and packaging systems already exist. For example, a 
move from high external-input agricultural systems to organic farming systems results in a reduction 
in the thermodynamic throughput (the energy consumption and pollution). However, road, sea and 
air transport systems can not function without the derivatives of fossil oil and the widespread use of 
alternative, and environmentally less damaging fiiels, will take at least 20 years (RCEP, 1994). In 
order to reduce (and ideally to minimise) the transport-related environmental impacts associated 
with fresh produce sourcing and distribution, two approaches have been considered. These are a 
modal shift in existing systems and alternative systems in which transport demand is curtailed by 
minimising the distance between production and consumption.
In Chapter 1 the response of governments to the environmental ‘crisis’ was criticised as being both 
reactionary and superficial, in that as the symptoms of a problem become increasingly evident so as 
to cause concern, a decision is made to reduce these symptoms, without considering the 
fundamental causes. In this thesis I have, therefore, focused on the ftmdamental causes of transport 
demand in the food system; and the transport demand in both the predominant and alternative food 
production, distribution and marketing systems has been assessed. In this final chapter I seek to 
synthesise the discussions of the preceding chapters and to consider the wider issues. To facilitate 
this synthesis, the chapter has been divided into four sections. In section 5.2 conclusions are drawn 
from the empirical data in relation to the research objectives and hypotheses. Section 5.3 considers 
how policies relating to the FSC might have been better designed to promote sustainable 
development. Based on the results of this analysis, policies for a sustainable sourcing, distribution 
and marketing system for the fresh produce sector will be suggested. Section 5.4 discusses the issue 
of information-provision for consumers and policy makers in relation to the transport-related 
environmental impacts of food products and the further research that could follow on from this 
analysis is assessed. In the final section the transformation to a more sustainable form of 
development is considered.
1635.2 The research objectives, hypotheses and conclusions
In this dissertation I have attempted to answer the following question: which food production, 
distribution and marketing systems are the most sustainable?
This question is important not only for policy makers but also for consumers*^"*, and answering it 
has been the primary objective of this study. Environmental sustainability, based on the laws of 
thermodynamics, has been defined as follows:
To minimise the material and energy throughput, and maximise the social (and local economic) outcome 
of the production, distribution, marketing and waste management systems which provide for basic 
needs. When there are several options for satisfying a particular ‘need’ all the different ‘means’ to 
achieve the same ‘end’ should be assessed on social, economic and environmental grounds^ ^ .^
Rather than looking at the economy as a whole this objective is used to assess all the possibilities of 
satisfying a particular nutritional ‘need’ in a particular location. Both of the hypotheses that have 
been tested are based on the concept of localisation, which has the goal of achieving a circular 
economy in which the thermodynamic throughput is minimised by developing production and
A list of the hypotheses, main research objectives and secondary research questions is provided in Section 1.7.
See Section 5.4.
This definition is based on the principles and goals of sustainable development provided by Daly (1991); Ekins
(1992); Jackson (1996); Jacobs (1993); Robert (1996); Rees (1994); and Sclmidt-Bleek (1993) which are discussed 
in Appendix 1.4.
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distribution systems that ‘fît in’ with natural cyclical systems*^ .^ Moving from linear systems of 
production to circular systems, and human settlements which have a circular metabolism, has also 
been advocated by Daly and Cobb (1990); Ekins (1992); Giradet (1996); and Wackemagel and 
Rees (1996) and all agree that a circular economy will he achieved only on a local scale.
Based on this definition of environmental sustainability, the first hypothesis concentrates on the 
transport component of production and marketing systems:
1. For a given human ‘need’ the objective o f  minimising the environmental impact o f  production 
and distribution systems, measured by the energy and material or thermodynamic throughput 
associated with the transport component o f  these systems, will be met by minimising the need 
fo r  transport and minimising the distance between producer and consumer, which in this 
instance is the distance between apple tree or orchard and consumer.
In this analysis the transport system for fresh produce has been separated into four components: 
international transportation (two transport stages), distribution within Britain (two transport 
stages), shopping and waste management (which both involve one transport stage). Typically the 
three transport components (international transportation, distribution within Britain and shopping 
by car) each represent a third of the total transport system energy consumption and the energy 
consumed when any waste is transported to landfill is minimal as shown in Appendix 3.11. The 
results have also shown that because of the multiplicity of ways in which fresh apples can be 
sourced and distributed to the consumer, there is a range of values for the transport-related energy 
consumption. For a kilogram of apples which are consumed in Brixton and Denbigh this energy 
consumption will be between 0 and 10.44 megajoules and between 0 and 17.75 megajoules, 
respectively. By assessing and comparing all possible sourcing, distribution and marketing options 
for fresh dessert apples, research objectives (RO) 1, 5, 6, 11 and 12 were met and a clear trend was 
observed: in that as the distance between the source of the apples and the consumers at each of 
these locations is reduced, the energy consumption is also reduced, as shown in Figures 3.59. 3.60, 
3.61 and 3.64*^ .^ The relationship between the source of the product, the number of motorised 
transport stages and the transport-related energy consumption is most clearly shown in Appendix 
3.11, which demonstrates that as the need for transport is reduced there is a gradual reduction in 
energy consumption and when motorised transportation is avoided altogether then the transport- 
related energy consumption is zero. As the number of transport stages and the distance between the 
apple tree or orchard and consumer are minimised the environmental impacts (measured by the 
thermodynamic throughput) associated with the transportation involved in meeting this particular 
need for nutrition are also minimised. The first hypothesis is, therefore, confirmed.
By isolating and quantifying the environmental impacts of transportation, this has also provided the 
opportunity to compare the environmental impacts of transportation, to the total environmental 
impacts in the life-cycle of a fresh product. For each product life-cycle, therefore, the transport sub­
system is compared to the packaging and cultivation sub-systems. The transport intensity in the 
various production, distribution and marketing systems can also be assessed. In terms o f research 
objective 9, the results have shown that transport energy consumption is much larger than the
In terms of the human food cycle the goal is to ‘close the loop’, as shown in Figure 7 in Appendix 1.1, in which 
waste management is carried out on a household or local level and ‘waste’ is converted into a resource, in the form 
of compost and methane, which re-enters the productive process. This type of system has been developed at the 
Centre for Alternative Technology at Machynlleth in Powys.
The fossil fuel energy consumption associated with apple distribution can be reduced by up to 99% when moving 
from global sourcing and supermarket systems (the maximum transport-related energy consumption for which is 
17.75 MJ/kilogram of apples in Denbigh) to a fruit and vegetable box scheme in which apples are sourced locally 
(the minimum transport-related energy consumption for which is 0.12 MJ/kilogram of apples in Denbigh). Based 
on the average values for these two types of sourcing and marketing systems the energy consumption can be 
reduced by 97% (see Appendix 3.12).
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energy-use in packaging and cultivation for home grown, local, British and imported produce. The 
results also show that the environmental impact of transport and distribution is related to the source 
of the product. The energy consumption of product and transport packaging is also related to the 
source of the product and the combined energy consumption of the transport and packaging 
subsystems is the main difference between the predominant systems at present and local systems*^* 
(research objective 7). There is a significant decrease in the energy consumption of transport and 
distribution (and also the total energy consumption) as the product is sourced closer to the point of 
consumption.
The second hypothesis is that:
the present levels o f freight transport and car use associated with the FSC are avoidable, that a 
substantial reduction in the overall environmental impact o f  road transport is possible and at the 
same time the human need fo r  nutrition, and in this case the supply offresh fruit and vegetables, 
can be met by local production, distribution and marketing systems which minimise international 
transport and road transport demand.
It has also been shown that the provision of apples and other temperate Jfresh produce can be met 
by local cultivation, sourcing and marketing systems, other than the predominant systems at 
present, which means that ship and road freight as well as car travel can be avoided. The second 
hypothesis is, therefore, also confirmed.
By avoiding the transportation associated with international trade, road freight distribution and 
shopping by car, localised systems reduce fossil-fuel consumption which in turn leads to a reduction 
in carbon dioxide (and other greenhouse gas) emissions. For example, local sourcing can reduce by 
up to 1 kilogram the carbon dioxide emissions associated with the distribution of a kilogram of 
apples to the consumer. By becoming seff-sufficient in apples, we could avoid the 42.5 thousand 
tonnes of carbon dioxide emissions associated with apple imports each year*^ .^ A move to local 
food production would, therefore, contribute to meeting the targets for reducing greenhouse gas 
emissions to 12.5 % below 1990 levels by the period 2008 to 2012. In many instances local 
sourcing of apples would also achieve the IPCC target of a 60% (or more) reduction in carbon 
dioxide emissions.
In addressing research objective 2, it was possible to show that even if only two transport stages are 
avoided (stages 1 and 2 which are associated with apple imports and the movement of imported 
apples to the port of departure by truck and to Britain by ship) then the energy saving and resulting 
reduction in environmental impact is considerable (research objective (RO) 4). Thus, in terms of 
sustainable development, national self-sufficiency in dessert apples should be promoted, in which 
case the environmental burdens associated with international transportation, in this instance by ship, 
can be avoided (RO 2 and 4). Even when we consider only a small portion of the national collection 
combined with traditional and modem storage techniques, British dessert apples are available 
throughout the year (Appendix 1.2). Therefore, from the point of view of availability national self- 
sufficiency is feasible. A policy of national self-sufficiency would, as Daly and Cobb (1990) explain, 
not be an end in itself but would create a situation or state in which local sourcing systems could 
begin to be developed. This process is impeded at present by cheap imports and a situation in which
Local sourcing systems include homegrown produce, allotments, community projects (such as community 
orchards) and a range of localised marketing systems. The marketing and distribution of this produce could be 
based on conventional retailing as was the case of Rowland’s Grocery in Denbigh or, alternatively, box schemes, 
farmers’ markets and Community Supported Agriculture (CSA) schemes could be developed. These systems are 
described in Section 4.14.
455 thousand tonnes of carbon dioxide emissions could be avoided if Britain were self-sufficient in fresh fruit and 
vegetables.
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owners of commercial orchards have been encouraged to grub-up their orchards by receiving a EU 
grant.
In terms of research question 5, almost all food distribution within Britain is at present by large 
trucks and the environmental impacts associated with this form of transportation can be reduced by 
transferring this freight to rail and sourcing products from commercial growing regions which are 
closer to the point of consumption. Transfer of freight to rail is, however, impractical in many 
instances because of the location of commercial orchards, retail distribution centres and retail 
outlets in relation to rail freight links. In section 4.9 an example showed that a modal shift in 
systems which involve imports, centralised distribution and car shopping could reduce the energy 
consumption by 41% over a five year period. However, following this reduction the energy 
consumption and environmental impact cannot be further reduced.
Many of the transport-related environmental impacts associated with the sourcing and distribution 
of fresh produce can be avoided altogether when transport-intensive sourcing and centralised 
distribution are replaced by local cultivation and marketing systems (RO 4 and 12). Examples of 
these types of system include homegrown produce, the use of allotments, community food 
production projects and direct links between local producers and consumers (such as farmers’ 
markets and finit and vegetable box schemes)*^ **. Although the multiple retailers also claim to be 
attempting to source fresh produce locally, there was no evidence of this in superstores in either 
Denbigh or Brixton. In Section 4.12 it was concluded that it is not feasible for superstores to source 
all of the fresh produce that they market locally. Additionally, in Chapter 2 it was shown that the 
emergence of the multiple retailers since the 1970’s has coincided with increases in imports of fresh 
produce, increases in the distances over which foodstuffs are distributed in Britain and increases in 
the distance and frequency of shopping trips by car (Figures 2.24, 2.25, 2.26, 2.30 and 2.35). This 
final point leads on to research objective 6, which is concerned with the movement of fresh produce 
(when purchased) from the point of sale to the home. It has been shown that the most 
environmentally damaging way in which this can be carried out is by car; and as the size of the car 
and distances involved in shopping trips increase, the environmental burdens associated with this 
process also increase. These environmental impacts can be reduced by situating retail outlets in 
positions where access by modes of transport such as public transport, bike and on foot is 
facilitated and also when home delivery schemes are introduced. Home deliveries, in the form of 
fruit and vegetable box schemes, were found to result in considerable environmental benefits when 
compared to shopping trips by car. Again these environmental impacts can be avoided when the 
produce is homegrown or cultivated in locations where access by foot or bicycle is possible.
It is also concluded that large-scale agricultural systems for export result in significant 
environmental burdens in relation to both production (i.e. specialised, high-energy-input cultivation) 
and the transportation of this produce to distant markets. It was important to look at the move from 
local to national and then global sourcing of fresh dessert apples from a historical perspective and to 
discuss the reasons and the consequences of this process. The environmental impacts of this process 
have not been considered by policy makers and in terms of food security the situation in which 
Britain produces less than two out of ten apples consumed here is of concern. Cheap imports have 
resulted in a decline in commercial and non-commercial British food production and a situation in 
which Britain’s self-sufficiency in both finit and vegetables has declined significantly. This process
There are many examples of sustainable local food production, distribution, marketing and waste management 
schemes which are beginning to appear across Britain and examples of localisation and sustainable food systems 
include the use of allotments and reclamation of derelict land (Appendices 4.4 to 4.6). Many of these initiatives 
are developed through the Local Agenda 21 process in conjunction with District and County Councils in an 
attempt to develop more sustainable local communities (Somerset County Council, 1998). Restaurants and public 
houses are also forming links with local food producers so that they can offer fresh, local and organic foods on 
their menus (Soil Association, 1998).
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could be reversed if either a policy of import substitution were adopted or if the ‘external’ 
environmental costs of environmentally damaging cultivation and distribution systems were 
internalised. In terms of apple distribution, examples of the ‘internalisation’ of transport-related 
environmental impacts have shown that the costs associated with apple distribution would increase 
significantly and could, if implemented, influence purchasing patterns so that products associated 
with minimum transport demand are purchased as they would become relatively inexpensive 
(Section 4.2.4).
In terms of research objective 4 it has been concluded that a move to local cultivation and 
marketing systems would require considerable changes in three main areas.
i. Cultivating apples locally for every consumer in Britain will require considerable changes in the 
way in which horticultural production is organised. Commercial production would need to 
diversify and both commercial and non-commercial food production would have to be developed 
in areas which are not at present described as ‘agricultural’. These land use changes would mean 
that gardens, parks, car parks, brownfield sites and roof tops and many other areas would be 
converted to food production.
ii. A programme would be required in which apple varieties are developed which provide year- 
round availability for all regions of the UK. At present this type of work is carried out in Kent by 
The Brogdale Horticultural Trust and similar research stations and trials would be required 
across Britain.
iii. The processes described in i and ii would require support fi*om both central and local 
government and if the results and the conclusions of this and similar reports and analyses*^* are 
accepted then trade, transport, planning and agricultural policies will need to be reviewed*^^. 
Other food and non-food products will need to be assessed fi*om a means/end perspective and 
continued research into sustainable production, distribution and marketing systems will be 
required.
The localisation of apple production and consumption would involve the planting o f individual 
apple trees and small orchards in both urban and rural areas, together with other finit and vegetable 
products, by applying environmentally benign organic and permaculture techniques. The area of 
land required for local UK self-sufficiency in apples is estimated to be between 0.15 and 0.4% of 
the total area of the UK (Section 4.3, Figure 4.8). Urban centres can be supplied with fi*esh produce 
by their rural hinterlands (as in the case of Chinese cities discussed in Appendix 1.1) and also by 
using derelict land, roof top space, gardens and parks within the urban area itself. The National 
Food Alliance have identified 38 examples of ‘urban agriculture’ schemes which are already 
operating in Britain in their report ‘growing food in cities’ (Garnett, 1996).
5.3 Policy issues and sustainable development
Both hypotheses of this thesis have been confirmed and as a result there are strong arguments for 
changes in the way in which fresh produce is cultivated, sourced, distributed and marketed. These
Other research which has come to the same conclusions as this thesis in terms of national self-sufficiency in food, 
local food production for local consumption and minimising transport demand in food production and distribution 
systems includes a report by the World Health Organisation entitled ‘The Urban food and Nutrition Action Plan’ 
(Robertson, 1998); ‘The Food Miles Report’ by Paxton (1994); a report by the National Food Alliance called 
‘Growing food in Cities’ (Garnett, 1996); and the analyses ofBoge (1993 and 1994); Wackemagel and Rees (1996) 
Holzapfel (1995); Kranendonk and Bringezu (1993); Daly and Cobb (1990); Giradet (1996); Lang and Hines
(1993); and Whilelegg (1995).
See section 5.3.
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conclusions do, however, question fundamental assumptions in economic theory and the structure, 
scale and spatial organisation of systems of production, distribution and marketing, and may be 
described by those hoping to maintain the status quo as ‘radical’ suggestions. The discussion in 
Appendix 1.3 and Sections 4.3 and 4.12 highlighted some of the conflicts between trade, transport, 
planning and agricultural policies and policies aimed at promoting sustainable development. Jacobs 
(1993) has explained that, despite commitments made to sustainable development, ‘economic policy 
has so far remained largely unaffected’. Based on the results and the conclusions of this analysis, 
recommendations will now be made in relation to trade, transport, and retailing policies.
Norburg-Hodge (1995) has stated that there are now two options for human development: to 
continue the process of globalisation and global sourcing and distribution or to encourage local self- 
sufficiency. In the food system the multiple retailers operate increasingly on a global scale through 
mergers and take-overs and the sourcing of their produce. If  the trends which are outlined in 
Chapter 2 (c) continue, in terms of a further decline in the market share and the number of 
independent grocery and street market outlets, then in many locations the only options fo r  fresh 
produce purchases will be at supermarkets or through localised food marketing systems.
The results of this analysis show that the most environmentally damaging way in which apples (and 
other fresh fruit and vegetables) can be sourced is when they are imported. If  Britain were to 
become self-sufficient in apples then this would result in a significant reduction in the transport- 
related environmental impacts associated with imports. However, the discussion in Section 4.3 
showed that policies to reduce levels of international trade, such as import substitution or some 
form of protection, have not been considered. In the case of apples it is recommended that: policies 
which promote import substitution are adopted, with the aim of minimising the transport-related 
environmental impacts associated with apple imports so that self-sufficiency in this product is 
achieved. In terms of sustainable development, Daly and Cobb (1990), Giradet (1996), Lang and 
Hines (1993), Paxton (1994) and Rees (1993) have also argued that import substitution and 
national self-sufficiency in food should become a basic political and economic goal (research 
objective 4).
In relation to transport policy the results of this analysis have shown that a modal shift to 
environmentally less damaging forms of transport is only feasible in a limited number of the stages 
in the transport life cycle of a fresh product. The modal shift of freight from road to rail is a central 
feature of the Transport White Paper (DETR, 1998) and a key recommendation of the Royal 
Commission on Environmental Pollution (RCEP, 1994). The Transport White Paper (DETR, 1998) 
lists several examples of a switch from road to rail freight, including the movement of steel products 
between Llanwem in South Wales and Wolverhampton, but does not assess the fraction of journeys 
within the food systems that are currently by road that could be transferred to rail without the 
construction of additional distribution centres and rail freight lines, sidings and railheads. A modal 
shift to rail has, therefore, been advocated without an analysis of the feasibility of this transfer. The 
other area which has been identified as having potential to reduce the environmental impacts of 
road freight is improved efficiency and a reduction in vehicles running empty or lightly-loaded 
(DETR, 1998; RCEP, 1994). However, in this analysis it has been assumed that all trucks operate 
with a fuU load (of 20 tonnes) and that there are no empty return journeys. The results, therefore, 
assume high efficiency levels, despite the proportion of empty running lorries in the UK being 
around 30 per cent (DETR, 1998).
In terms of transport and retailing systems there are two distinct approaches to environmental 
protection. The first is an indirect approach which predominates at present and the alternative is 
more direct. The mechanisms relating to each may be summarised as follows.
See Appendix 3.7.
205
i. When production, distribution and marketing systems are identified as having a high 
environmental impact, policies are introduced with the aim of gradually reducing the 
environmental impacts of existing systems.
ii. The systems in which the environmental impacts are minimised are identified and specific policies 
are introduced to promote these systems.
The goal of both of these approaches is to diminish the environmental impacts of sourcing, 
distribution and marketing systems. The difference, however, is the extent to which the 
environmental impacts are reduced. These two approaches to environmental protection were 
evaluated in relation to the results of this study in the previous chapter. The conclusion was that an 
indirect approach (i), through a modal shift to environmentally less damaging forms of transport 
and more efficient freight distribution in existing transport life cycles for fresh produce, would result 
in a reduction in environmental impacts over a period of time. However, the environmental impacts 
could be minimised in a shorter time period by implementing the second approach and introducing 
localised food systems (ii).
Increasing fuel tax can also be described as an ‘indirect’ approach to reducing the external social, 
environmental and economic costs of road transport systems, because (at best) there is a gradual 
change which is prompted by increases in the costs associated with car and lorry transportation and, 
therefore, the sourcing and marketing systems which are road transport-intensive. The UK 
government has adopted increases in fuel duty as the principal measure for reducing the growth in 
road transport, congestion and to limit increases in carbon dioxide emissions from road transport 
(RCEP, 1994). However, if there are no (or few) alternatives to car and lorry journeys, then the 
demand for petrol and diesel displays low piice-elasticity and transport-intensive sourcing, 
distribution and marketing systems are described as being ‘price inelastic’ in the short term 
(Appendices 1.3 and 2.7).
This analysis has highlighted the most sustainable ways in which we can meet particular needs. 
Policies can then be introduced so that the ‘most’ sustainable production, distribution and 
marketing systems become more widespread. This is what I have described as a direct approach (ii) 
because despite this and the indirect approach having similar aims, the direct approach will result in 
the emergence of sustainable systems of production and distribution in shorter timescales. By 
providing environmentally benign alternatives to transport-intensive sourcing and marketing 
systems, these systems are no longer a ‘necessity’. Therefore, the widespread introduction of 
localised food marketing systems, by providing an alternative to transport-intensive marketing 
systems, would have the effect of raising the short term price inelasticity of demand for road 
transport fuels within the food system.
In terms of transport policy it is recommended that the feasibility of various proposals (e.g. a modal 
shift) is assessed in the various sectors of the economy before being published in the form of a 
White Paper. It is also recommended that when developing transport policies the DETR consider 
and compare the transport-related environmental impacts associated with all o f  the options for 
meeting particular needs, including (alternative localised) sourcing and marketing systems in which 
road transport demand is minimised or avoided altogether*^^ A sustainable transport system is one 
in which the transport-related environmental impacts associated with meeting our needs are
In general, the fewer substitutes a product has, and the more of a necessity it is, the more inelastic its demand will 
be (Jacobs, 1993). In the case of apples and other fresh produce the move to global sourcing and centralised 
distribution by the multiple retailers together with the decline of local cultivation and independent retailers means 
that there are often few alternatives to shopping at supermarkets.
As in the BPEO approach (Section 2.11.1 and Appendix 2.9).
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minimised. In terms of fresh produce this is achieved when levels of international trade and road 
transport are minimised. Research is now required to determine if other needs can be met by 
localised systems, and to identify other opportunities for international trade and road transport 
demand to be reduced.
As shopping by car (stage 5) consumed the largest fraction of the total transport energy 
consumption in almost all sourcing and marketing systems, measures to reduce the fraction of all 
shopping trips by car and the distance of each should be assessed. To deter shopping by car a tax 
should now be introduced for car parking at supermarkets.
5.4 Information provision
5,4A Means/end analysis
There are many cases in which a particular need (end) can be met by several different production, 
distribution and marketing systems (means). This situation provides the opportunity for 
comparisons to be made based on the environmental impacts of each ‘means’ or production and 
marketing system. Formulating a clear definition of sustainable development which is based on 
specific goals and principles has been one of the main aims of this thesis. Environmental 
sustainability is made operational by measuring the thermodynamic throughput associated with each 
sourcing and marketing option, the option with the minimum throughput being the most 
sustainable. The next step was to develop a methodology, means/end analysis, which could evaluate 
all of the options and to enable the hypothesis of localisation to be tested. This process, which 
provides a framework for the identification of sustainable production, distribution and marketing 
systems is summarised in Figure 1.7 (research objective 10). Means/end analysis is intended to 
avoid the following problems which are often associated with environmental assessments:
• the procedure and the results are presented in such a way as to achieve transparency i.e. by 
adopting a modular approach and presenting the results in various formats;
• the analysis and the interpretation of the results is simplified by considering only 6 indicators (the 
energy consumption and air emissions of 5 compounds);
• ‘trade-offs’ between different environmental impacts are not an issue because there is only one 
source of energy and all transportation (with an environmental impact) is motorised. Therefore, 
any environmental improvement is achieved by avoiding one or more transport stages.
Further work is now required to assess other food (as well as non-food) products from a means/end 
perspective. Marketing systems could also be analysed in this way. For example the annual 
environmental impacts of a localised system, such as a farmers’ market, could be compared to those 
of a multiple retailer.
Sustainable development will require a holistic perspective in which social, economic and 
environmental criteria are optimised when meeting a particular need. The results of this study have 
shown that environmental impacts, in terms of petroleum consumption and emissions of pollutants 
(some causing ecological damage, others affecting human health) can be minimised by local 
sourcing. Developing strong self-reliant local economies also has the potential to optimise social 
and local economic criteria in a variety of ways, including local employment levels, environmental 
quality and food quality, price and availability (Garnett, 1996; Paxton, 1994; Pretty, 1998; 
Robertson 1998; The Soil Association, 1998; Warburton, 1999). Sustainable development will only 
be achieved if environmental, economic and social goals are harmonised. Further work is, therefore, 
required to develop social and local economic indicators so that they can be incorporated into a 
means/end analysis which looks at all three aspects of sustainability. Localised and supermarket 
production, sourcing and retailing systems could then be assessed from an environmental, social,
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and economic perspective. The information from these analyses should then be made available (and 
accessible) to both consumers and policy makers.
5.4.2 Product information for consumer and policy makers
Conventional economic theory and policy have enabled (and in some cases encouraged) the 
evolution of systems of production and consumption in which the producer and consumer are 
separated both physically (by distance and numerous transport stages) and psychologically (in that 
the consumer does not have information about how, where or by whom the goods they purchase 
were produced and all transportation involved). Although public awareness of and concerns about 
environmental issues have increased in recent years, these ‘distancing’ effects can conceal the 
environmental and social impacts of the production process itself and also of the numerous 
transport stages involved in global sourcing and centralised distribution systems*’ .^
Consumers must have sufficient information to be able to make informed decisions and reflect their 
environmental concerns in their purchasing patterns because many environmental problems are very 
remote from the final consumers of products and are caused by activities of firms far down the 
production chain. Ideally this will include information on all of the life cycle environmental impacts 
of products. At present a consumer may wish to exercise an environmentally-informed choice but is 
unable to do so because the information required is not available*^ .^ The consumer can be provided 
with this information in the form of fact sheets at the point of sale or as an indicator o f the transport 
intensity or the life cycle environmental impact of the product on the labelling of the product. 
Analyses such as this are crucial in providing this information and the results of this study could 
serve a practical purpose in terms of consumer awareness and information provision*^^. The results 
of this study could be introduced on the labelling of apples and other food produce as an 
environmental indicator in a similar way to the ‘pollution factor’ proposed by John Breach (Figure 
5.1; Appendix 4.1). The indicator could be basic and include only the distance involved and the 
number of transport stages; or could be more sophisticated and be an index of the environmental 
impacts of all transportation or the total life cycle environmental impacts as in the ‘pollution factor’ 
(Appendix 4.1). Further work will be required to convert the results of analyses such as this into an 
environmental index or pollution factor.
Most importantly, consumers have to be offered a choice to express their environmental concerns 
and have access to products which are environmentally benign (Appendix 1.3). Without easily 
accessible and environmentally benign (and ideally less expensive) alternatives to products which 
have been shown to have a large environmental impact in meeting the same ‘need’, any progress 
will be limited.
The public has been encouraged by the government to reduce the energy consumed in the home through schemes 
aimed at improving domestic energy efficiency and insulation. However, there have been no similar schemes aimed 
at raising awareness, influencing consumer behaviour, and altering purchasing patterns in relation to the 
environmental impacts associated with transport intensive products (and marketing systems), and consumers have 
not been encouraged to purchase ‘low-transport’ foodstuffs and consumer goods (before and after the point of sale).
Unlike many other food retail outlets, the person which you deal with at a farmers’ market is often the person who 
produced the food which is being purchased. Producers at farmers’ markets fi*equently provide information sheets 
and encourage the customer to ask questions about the production process and the transportation involved (because 
the produce is mostly organic and is sourced within a 40 mile radius) and to make comparisons with supermarket 
production, sourcing and distribution systems.
The results of this analysis (and the further research in the form of means/end analyses) provides the data and 
information on localised systems and a comparison with existing systems which was lacking in section 6 of 
Appendix 2.7.
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5.5 The change process
Localisation is a process by which individuals, households and eommunities eease to be totally 
dependent on outside forees to meet their food ‘needs’ by reversing the trends of separating 
production from consumption and the increasing distance between the two. Examples of alternative 
loeal eultivation and marketing systems, whieh are beginning to appear, were provided in the 
previous ehapter. All of the localised systems that are eonsidered have several common themes 
when compared to the predominant systems at present. The main differenee is in the seale of 
produetion, distribution and marketing systems, as described below.
• In localised systems it is small mixed orchards (consisting of many different varieties) as well as 
single apple trees whieh provide apples for the loeal eommunity.
• Loeal soureing systems have a maximum spatial seale for fresh produce, for example, in farmers’ 
markets the produce must be sourced within a radius of 40 miles. The fresh produce soureing 
and distribution of the multiple retailers is on a global seale.
•  loealised marketing systems tend to be small family businesses or are operated by eommunity 
groups rather than being very large and often multinational businesses, as in the ease of the 
multiple retailers.
This study has quantified the environmental impaets of the transportation within systems of 
production, distribution and marketing and has shown that this impact is at present signifieant and 
ean be minimised by developing localised soureing systems for fresh produee. This eonclusion is 
eonsistent with that of other analyses of the food system by Edge (1993 and 1994); Daly and Cobb 
(1990); Garnett (1996); Giradet (1996); Holzapfel (1995); Kooijman (1994); Kranendonk and 
Bringezu (1993); Lang and Hines (1993); Paxton (1994); The Soil Assoeiation (1998); 
Waekemagel and Rees (1996); and Whilelegg (1995). Further work is required, however, to assess 
the social and economic impacts of all of the options for the sourcing, distribution and marketing of 
fresh produee and also to consider the impaets from all three perspeetives in environmental, 
economic and social means/end analyses.
If  this fiirther work confirms the eonclusion of this study, which is that the goal of sustainable 
development requires a move to a more loealised form of food produetion and marketing, then 
some difficult decisions need to be made, espeeially in the short term. Pohtieians, and politieal 
debate, have to a large extent marginalised environmental issues and ignored the links between 
économie theory, policy and practice in the form of the transport-intensive and unsustainable 
systems of food produetion and distribution whieh have evolved, the proeess of globalisation and 
the environmental impaets associated with these proeesses. The conelusions of this analysis point to 
some form of proteetionism and trade restrictions if national self-sufficiency is to be aehieved in 
temperate food products. Policies whieh support the alternatives to global soureing, eentralised 
distribution in Britain by road and shopping by ear, in the form of loeal eultivation and marketing 
systems such as box schemes and farmers’ markets will need to be implemented, and restrictions 
placed on the multiple retailers, whieh are at present dependent on these types of transport systems. 
If  the conclusions of this and other similar analyses are aceepted then planning, retail, trade, and 
agrieultural poliees as well as transport poliey will have to be reviewed (and integrated) in relation 
to sustainable development objeetives.
Wackemagel and Rees (1996) deseribe this process of aeknowledgement of the problem and of the 
need to ehange as ‘psychologieally disturbing’, but as Daly and Cobb (1990) have emphasised 
‘there must be widespread reeognition that something is wrong, that present polieies do not work’ 
and that the ‘facts’ have to be aecepted and taken seriously. Businesses, the publie, and pohtieians 
need to not only become aware of environmental ‘problems’ but also of the solutions and how their 
behaviour may have to ehange.
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Appendix 1.1 and Section 5.1 have highlighted the omissions in eeonomie theory and policy which 
have enabled the economy to evolve in such a way that transport-intensive production, distribution 
and marketing systems have beeome the norm. As Jacobs (1993) explains: “Environmental 
degradation is not an ineidental eonsequenee of eeonomie aetivity...in many eases it is a central 
feature of the ways in which production and consumption are eurrently organised” (Jacobs, 1993). 
This dissertation has highlighted three issues relating to eeonomie aetivity and sustainable 
development. These are that:
i. the solutions to the environmental ‘erisis’ are likely to involve ftmdamental ehanges in both 
eeonomie policies and produetion, distribution and marketing systems;
ii. many individuals, businesses and governments are either dependent on or operate successfully 
under the present eeonomie system; and
iii. there has been an uncertainty as to what should replace the existing (and unsustainable) 
produetion, distribution and marketing systems to meet our nutritional needs.
A sustainable soeiety will come about only if polieies and decisions consider the environmental and 
soeial impaets as well as the eeonomie outeome of produetion, distribution and marketing systems. 
Transport is now responsible for a signifieant ftaetion of the fossü-ftiel eonsumption in 
industrialised countries and has also been shown to be the most fossil-fiiel-intensive element in the 
life eyele of fi-esh produee. If  the external costs of transport are internalised then loealisation, 
sustainable resource use and the eireular eeonomy wül beeome more viable. If  loealised food 
systems are supported and promoted by local and central government so that they beeome more 
widespread then there will be less opposition to environmental taxes, such as increases in petrol and 
diesel above the rate o f inflation and supermarket car parking taxes, because alternatives to 
transport-intensive marketing systems will exist. On the other hand if these measures are not 
implemented and loeal food produetion and marketing systems are not promoted by eentral and 
loeal government, then a sustainable food system will not be aehieved and the proeess of global 
soureing and transport-intensive soureing and distribution will continue to result in the 
environmental impaets whieh have been quantified in this study. The desire to maintain the status 
quo is strong, as Sehmidt-Bleek (1993) explains:
‘Eco-restructuring is still being viewed today by many as potentially painful and fiill of unknown risks, 
economically difficult, socially undesirable and politically almost unattainable, particularly since only 
internationally harmonised actions can lead to ultimate success. It is a fact, however, that societies will experience 
dramatic changes in life styles during the coming decades, as was the case during the past 40 or 50 years, with or 
without any ecological concerns. The question is, whether or not we are willing and capable to utilise this 
momentum to steer the changes in the right direction.’
The ‘fossil-fiiel age’ will inevitably come to an end when reserves are exhausted. However, fossil- 
fuel use is more likely to be curtailed because of the ecological impacts of fossil-fuel-related 
emissions or if supplies are cut. As part of the sustainable development process we should be 
planning now the move away fi*om these fuels and developing alternative systems to meet our needs 
which do not depend on these fuels. This thesis has shown that there are alternatives to the 
transport- (and fossil-ftiel energy-) intensive systems of production and distribution which now 
predominate, which minimise fossil-ftiel consumption by minimising the distance between producer 
and consumer and enable the environmental impacts associated with meeting human needs to be 
minimised. These systems also comply with the principles of Local Agenda 21, which the 
government endorsed at the Earth Summit, and provide the options on a pohtical and a practical 
level in order to implement sustainable development.
Jacobs (1993) has explained that “there has been a lack o f information as to what to do” in terms of 
environmental protection and sustainable production and distribution systems. The Royal
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Commission on Environmental Pollution (RCEP, 1994) and the Transport White Paper (DETR, 
1998), as with most other reports which have looked at transport, retailing, international trade and 
the environment, provide no information or data on local sourcing when assessing the 
environmental problems of transport systems. This study together with the work of Boge (1993 and 
1994); Holzapfel (1995); and Whitelegg (1995) provide this information which has been lacking. 
The question now is whether or not the conclusions will be implemented.
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Figure 5.1 Examples of environmental labels for fresh produce
APPLES
Cox’s Orange PipiS
Pollution Factor
HIGH
Source: New Zealand
Distance accumulated = 27,000 kilometres 
Imported by Ship and Distributed by 1
* See Fact Sheet for further information
APPLES
Cox’s Orange
1 Kg
Pipin
Pollution F actor
VERY LOW
Source: Local
Distance accumulated = 50 kilometres 
Distributed by a Small Truck
* See Fact Sheet for further information
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APPENDIX 1.1
Systems of production and distribution and the first two laws of thermodynamics
1.1.1 The ‘functions’ of the enyironment and the first two laws of thermodynamics
The biosphere performs three principal functions for human survival and the economic activities of 
humankind, which Hueting (1980), Jackson (1996), Jacobs (1993) summarise as follows:
It provides us with resources, of which there are three types. Non-renewable* resources are those 
which (in the human timescale) cannot be regenerated by natural processes and include (fossil) 
coal, gas and oil, minerals and other materials. These resources are, therefore, ultimately in fixed 
supply as all use depletes the total stock. ^Renewable resources* are those which, through natural 
regeneration processes, can continue in supply despite being ‘used’ by humankind. Plants and 
animals, of course, reproduce and grow, but clean air and fresh water are also renewable; the 
elements oxygen, hydrogen, carbon and nitrogen (among others) are constantly recycled by living 
organisms in processes such as photosynthesis, respiration, nitrogen-fixing and decay. The stock of 
renewable resources can to all intents and purposes remain indefinitely, though it may be affected 
by evolutionary or other natural changes in ecosystems, but these resources can be depleted and 
ultimately exhausted by human activity. I f  a renewable resource is harvested faster than it 
regenerates, the stock will decline and this is known as ‘over-exploitation’. Renewables can also be 
depleted ‘indirectly’ by altering the ecosystems of which the resource is part: water, for example, 
may be lost when trees which hold it in the soil are cut down. Renewable resources are therefore 
‘exhaustible’, though exhaustion is not inevitable. * Continuing* resources, by contrast, are 
inexhaustible and the supply of these sources of energy is unaffected by human activity (and are 
often called ‘renewable’ but this is not strictly accurate). Sources of continuing energy include 
solar, wind, tidal and wave energy and hydropower (though this, being dependent on water, is also 
partly renewable).
The biosphere’s second function is to assimilate our waste products. Whether natural or human- 
engineered, all uses of energy and materials generate waste, and energy itself ends up as waste heat. 
Plants and animals (including human beings) generate organic waste, most importantly physical 
excreta, dead matter and carbon dioxide. Human economic activity, in the form of systems of 
production, distribution and waste management, generates more complex organic wastes such as air 
emissions, plastics and inorganic residuals such as metals. It should not be thought that only the 
unwanted by-products of economic activity, such as smoke from a factory chimney or leftover 
materials, are wastes. Ultimately the intended products themselves, if not reused or recycled, end up 
as waste too. Since matter cannot be destroyed, everything ultimately ends up as dispersed solid and 
liquid waste or air emissions, when returned in some form to the environment. In industrial societies 
it is often rivers, oceans, holes in the ground and the atmosphere which provide the sinks for these 
dissipative processes.
The biosphere assimilates waste in a number of ways. It disperses concentrations o f gaseous and 
liquid chemicals in the atmosphere, rivers and seas, and reconstitutes matter into smaller and/or 
more stable compounds. Organic wastes (and small quantities of minerals) are absorbed into natural 
cycles, where they are effectively transformed into resources through processes of regeneration. 
Finally, those wastes which cannot be absorbed are stored in the environment. Stored wastes may 
be ‘inert’ (non-interactive) in which case they may have no adverse effect on the environment, or 
they may interact in harmful ways, in which case the waste is referred to as a pollutant.
Finally, the biosphere provides us with various environmental services. This function is less 
economically obvious than the first two (and is often ignored by economists), but is no less 
important. There are two types of environmental service. The first is amenities which the
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environment provides for direct and conscious consumption; for example, it provides space for 
recreation and scenery and wildlife for aesthetic enjoyment; and both living and non-living matter 
enable human beings to expand their knowledge through scientific study. While it is difficult to put 
a value on these services, it is clear that overall human well-being is considerably enhanced by 
them.
The second type o f environmental service can be referred to, broadly, as Hife-support*, as human 
beings are dependent on the natural processes which maintain the working of the biosphere. These 
include such functions as the maintenance of genetic diversity and the stabilisation o f ecosystems; 
maintenance of the composition o f the atmosphere; and the regulation of climate. These services are 
often intangible and they are ‘consumed’ only indirectly, indeed, mostly unconsciously, but they are 
no less crucial as life depends on them. It is also important to recognise that human economic 
activity relies completely on all o f the above fimctions o f the environment: there could be no 
economic activity without them. The ‘environmental crisis’ is a crisis of all three (Jacobs, 1993).
The ‘functions’ o f the environment are all inter-related and it is the Laws of Thermodynamics 
which explain the relationship between economic activity, resource use, waste and pollution and 
ultimately environmental degradation. The depletion of forests affects the regulation of climate and 
genetic diversity as well as raw material supplies. Pollution reduces available resources and disrupts 
ecosystems as well as damaging health, while climatic change can reduce the productivity o f the 
soil. These interconnections are not only a demonstration of the ‘wholeness’ of the biosphere, they 
are also a crucial feature of the relationship between the environment and the economy (Jacobs, 
1993). The functions of the environment are related in quite specific ways: by the first two laws of 
thermodynamics which are the physical rules which govern the behaviour of energy and matter. The 
first law states that matter and energy cannot he either created or destroyed so that there is a fixed 
total which is always conserved in some form or another. This law has a rather profound bearing on 
economics, because it calls into question what exactly economic activity does. Clearly, for all the 
effort that goes into production, nothing ‘new’ is actually created. All that happens is the 
transformation of materials and energy fi*om one state into another. In terms o f environmental 
functions, what economic activity does is turn resources into wastes (Jacobs, 1993). Each quantity 
o f materials and energy which enters a productive process will eventually end up as the same 
quantity of waste; an initial part comprising residual waste and the remainder the discarded product 
(Cooper, 1994).
The relationship also has a qualitative dimension and the transformation o f resources into wastes 
follows a specific path dictated by the Second Law of Thermodynamics, or ‘entropy law’. Entropy 
can be understood as a measure o f the ‘disorderdness’ or ‘unavailability’ o f matter or energy. Thus 
a lump of coal has low entropy: it is concentrated in form and the energy it contains is available for 
use. But once the coal is burnt it has high entropy, becoming dissipated as heat and carbon dioxide, 
neither of which are available for use. The second law states that (so long as there are no external 
sources o f  energy) entropy always increases and the amount o f  available energy and matter is 
always in decline as resources which were once concentrated and thus in useful form become 
dissipated and unavailable fo r  use. The Second Law is, therefore, a way of defining resources and 
wastes, the former having low entropy, the latter high entropy. In turn economic activity may be 
thought of as a process by which low entropy materials are converted into high entropy ones, while 
useful services are derived from them en route. Low entropy matter-energy is therefore the ultimate 
natural resource (Jacobs, 1993).
It is here, however, that the third function of the environment enters the picture. For the earth is an 
open system with respect to energy as the biosphere is powered by a continuous flow o f external 
energy fi*om the sun which enables the flow of entropy within the biosphere to be reversed. 
Disorder and decay are ‘kept at bay’ by material transformations made possible by a continuous 
flow of available energy fi-om the sun which provides the input energy to counteract the tendency o f 
materials to dissipate (Jackson, 1996). The global ecosystem has developed a complex, interactive
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network of material cycles to accomplish this task. These include the carbon cycle in which 
dissipated (high entropy) carbon is transformed into fixed (low entropy) carbon. Thus, carbon 
dioxide is recovered from the atmosphere through photosynthesis and reused. Photosynthesis forms 
the basis for a complex food network which supports almost every form of life on earth. After 
excretion, waste products are broken down and reconstituted as foods in the soil. Water, minerals 
and other chemicals pass out of living organisms into the environment, and are taken up again as 
new inputs. This "circular activity* is made possible and carried out by the performance of 
environmental life support services.
1.1.2 Systems of production, distribution and waste management
Therefore, the interaction between economic activity and environmental change is explained by the 
first two laws of thermodynamics which show that all economic activity depends upon and 
influences the physical environment. In contrast to natural material cycles, the industrial economy 
has “freed itself from the constraints of the solar inheritance by learning to access vast stores of 
high-quality chemical potential energy locked into mineral resources, in particular low entropy non­
renewable coal, oil and gas fossil fuels which are not available to other species” (Jackson, 1996). 
This difference is significant as the dissipation of materials in ecosystems is limited to the 
degradation of nutrients and minerals which subsequently return to natural material cycles powered 
by solar radiation. These constraints provide a natural regulatoiy mechanism which maintains 
complex material balances between different species within their ecosystem and between different 
ecosystems. However, the industrial economic system provides little or no regulation over material 
dispersion (Jackson, 1996). Economic activity dissipates a wide variety of chemicals, some of 
which do not exist freely in nature and many of which exceed natural flows by several orders of 
magnitude (Jackson, 1996). Daly and Cobb (1990); Giradet (1996); Jackson (1996) and Jacobs 
(1993) have suggested that the main distinction between contemporary industrial economies and 
environmentally sustainable economies is the ‘linearity’ or ‘circularity’ of the systems of 
production, distribution and waste management which are created to meet human needs. Sustainable 
economies (and the individual systems of production, distribution and waste management which 
they comprise) minimise the throughput o f energy and matter, by obtaining a circular metabolism.
1.1.3 The Linear Economy
“Humanity in its wisdom has chosen a linear model in which resources and wastes are disconnected. The 
inevitable result, as soon as throughput is sufficiently increased, is resource shortages on the one hand and 
pollution problems on the other” (Ekins, 1989).
Economic activity in the form of industrial and agricultural systems o f production, distribution and 
waste management typically take a linear form in relation to energy and material throughput, in 
which it is assumed that at one end of the industrial system there is an unlimited supply o f energy 
and raw materials, while at the other the environment has an infinite capacity to absorb pollution 
and waste (Figure 1).
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Figure 1 A Thermodynamic representation of the economy
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Figure 2 demonstrates how conventional economic thinking treats material economic activities as if 
each one were a separate linear process. This begins with the extraction of resources ‘from an 
‘infinite’ pool of resources in the natural world, continuing with the use o f these resources in the 
production of goods, followed by the consumption of the goods, and ending with the disposal o f 
wastes into an infinite sink in the natural world, which is again seen as outside the economic system 
(as shown in Figure 1). By its very nature, linear economic activity is systematically wastefiil and 
polluting (Robertson, 1990). In thermodynamic terms, linear systems of production may be thought 
o f as a process by which low entropy materials are converted into high entropy ones. Economic 
processes transform materials and energy from one state into another: ‘in terms o f environmental 
functions, what economic activity does is turn resources into wastes....the more resources are used, 
the more wastes need to be assimilated. Resource depletion and pollution are essentially the same 
problem, two sides of one coin’ (Jacobs, 1993).
Figure 2 Linear systems of production, distribution and waste management.
POLLUTION
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Additionally, if a product (or part of a product) is recycled, as in Figure 3, then a recycling loop is 
introduced. In thermodynamic terms recycling is a process to reduce the entropy of ‘waste’ 
material, which requires additional energy, and additional waste is often generated. There may even 
be situations (if fossil fuels supply the energy required) when recycling results in a net energy 
consumption and pollution contribution (Jacobs, 1993). In this case recycling requires more energy 
input (and/or results in more waste or pollution), due to either the recycling process itself or because 
of the energy consumption associated with the collection and transportation of the waste material to 
be recycled, than production from virgin material. In this instance recycling relieves one 
environmental problem only at the expense of contributing to another (Jacobs, 1993). Moreover, 
this would not provide a practical solution to the fundamental goal of reducing the energy and 
material throughput o f the human economy (Daly and Cobb, 1990 and Rees, 1994).
An important factor when assessing the environmental impacts of a process or product is the spatial 
aspects of production, distribution, consumption and waste management and the relative 
environmental impact o f  all transport stages in the life cycle o f a product. At this point two 
examples will help to explain. Firstly, going back to the efficacy of recycling waste material and the 
recycling process, an example o f recycling consumer related aluminium waste will be provided. 
When aluminium cans or aluminium milk bottle tops are recycled only 5 per cent of the energy is 
required in the recycling process compared to that of aluminium production from its ore, bauxite 
(Cooper, 1994). This is undoubtedly a significant energy saving; however, if the environmental 
impact of the collection of the discarded waste and transportation to the recycling plant are 
considered then the environmental improvement of the recycling option will be diminished. If  the 
recycling system is centralised, and the waste collected and transported by road then the total 
energy required for recycling may exceed the energy required in production from virgin material. 
When recycling any material there will be a point at which the energy consumption of 
transportation exceeds the energy saving of recycling, compared to virgin production. This distance 
marks the maximum spatial distribution of recycling systems if  any energy saving is to be achieved 
and will be greater for the more environmentally benign modes of transport such as inland 
waterway and rail (rather than road freight transport).
Figure 3 Recycling in the industrial economy
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In another situation vegetables are grown organically in Cornwall and transported by road to an 
organic wholesaler in London, bought by a greengrocer from Brighton and sold to a customer who 
drives six miles to carry out her weekly shopping. Even if growing the vegetables organically
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requires less energy and results in less pollution, owing to reduced external energy inputs, compared 
to conventional production, this will he offset by the environmental impacts of the three (return) 
transport steps, which will be augmented when the product and transport packaging required for this 
distribution are considered.
These two examples demonstrate the importance of transport in both production and recycling 
systems. Indeed, transport has become increasingly significant in terms o f the economy as a whole 
and as a component o f production, distribution and waste management systems (Whitelegg, 1993, 
1994 and 1995). Determining the extent to which transport contributes to the total environmental 
impact of the latter is one of the main aims of this thesis. To do this, all the transport stages 
involved in the production, distribution and waste management sequence of a product, or in other 
terms the transport hfe cycle of the product, are analysed and compared to the other stages (i.e 
agriculture, packaging, retailing and waste management). In this dissertation the analysis, and any 
comparisons, are based on the thermodynamic throughput of each transport system and measured 
by the direct energy (fuel) consumption and air emissions.
Figure 4 is based on the thermodynamic representation of the economy, as shown in Figure 1, in 
which the lower part depicts the circular (financial) flows as represented by conventional economic 
theory. In this diagram, however, the production, delivery and waste management of goods and 
services to consumers is separated into four distinct sub-systems. The upper portion shows that for 
each stage in the life cycle of a product, where the production of goods is separated into production, 
consumption, waste management, and transport and distribution, there is an input of low-entropy 
energy and materials and an output of high-entropy waste and pollution.
Transport in this diagram represents all movements (both personal and freight) in terms of the 
economy as a whole and includes the transport considerations of supplies into the production 
process and product distribution; those relating to commuting; shopping; and waste collection and 
management. In Figure 4 the transport steps are separated from the production, consumption, waste 
management sequence because during the transport and distribution subsystem o f the production 
process, nothing is actually produced, as it is merely a way of moving a person, product, or product 
waste from one location to another. In the economy, transport comprises international trade, 
commuting, shopping, distribution, and waste collection. As there are many transport modes 
involved in each o f the four categories the cumulative environmental impact of transport ZT is 
represented in Figure 4 by the total energy consumption ZTenergy and the total air emissions ZTair 
emissions. The tuuescale is a year in this example but could be any other period. The transport sector 
was responsible for 32.4 per cent of total final energy use (ETenergy); the energy consumption of 
industry (ZP energy) was 25,1 per cent of the total; and domestic energy consumption (ZC energy) was 
28.9 per cent of the total energy consumed in Britain in 1992 (Figure 4).
It is clear then that on a national level the transport sector is a considerable consumer of energy, 
consuming 32.4 % of the total or 3.5% more than the second largest energy consumer which is the 
domestic sector. Road vehicles account for a large proportion of this: 82 per cent o f total energy 
consumption of all modes of transport and 43 per cent of final crude oil consumption. Road vehicles 
also account for 21 per cent of total carbon dioxide emissions; 90 per cent of carbon monoxide; 53 
per cent o f NOx; 47 per cent o f black smoke and 80 per cent of all UK benzene emissions. Thus, the 
thermodynamic throughput associated with transportation is considerable; this is the sector which 
consumes most low-entropy energy and emits the largest quantity of high-entropy pollutants. It 
should be noted that these are figures for vehicle journeys only and if the energy consumption of 
vehicle construction and disposal or recycling and road construction were included the energy 
consumption and air emissions would be even higher.
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Figure 4 A Thermodynamic Representation of the Economy
Low Entropy Energy and Materials High Entropy Pollution and Waste
WASTE MANAGEMENT
2 W  energy 4  S W  emissions
CONSUMPTION
XCenergy EC emissions
XPenergy P emissions
PRODUCTION
Spending on 
Goods and Services
TRANSPORT
BUSINESS ► HOUSEHOLDS
Wages
STenergy emissions
Labour andTnvestment
ETenergy represents the total energy and material consumption of the transport sector in Britain;
ETemissions the total waste and emissions of the Transport sector;
The corresponding symbols EP for Industrial Production; EC for the Domestic Sector and EW for Waste Management.
A breakdown of energy consumption in Britain in 1992:
Total Energy Consumption = Transport + Domestic + Industry + Other 
X! CONSUMPTION energy = energy + X C  energy + energy + X O  energy 
E  UK CONSUMPTION energy = 19. 5 (32.4%)+17.4 (28.9%)+15.1(25.1%) + 8.2 (13.6%)
Notes
For the year 1992.
Figures in Billion Therms (1 therm is equivalent to 105.5 megajoules).
The waste management sector is not specified in government figures).
1.1.4 Circular systems of production, distribution and waste management
Jacobs (1993) cites the greenhouse effect as one example o f  the intractable nature o f  ‘the 
environmental crisis...which is rarely observed’: whenever a fossil fuel is burnt to provide energy, 
carbon dioxide is also produced and ‘the very measures we might wish to take to mitigate other 
environmental problems - recycling, waste treatment, extraction o f  new resource stocks - 
themselves require additional energy’. Cooper (1994); Giradet (1996); Jackson (1996) and Jacobs
(1993) argue that there is, however, a solution to the high levels o f  thermodynamic throughput 
associated with linear systems o f  production, which Jacobs (1993) and Jackson (1996) describe as 
‘learning from nature’:
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“After all, the biosphere is constantly recycling its waste products, including carbon dioxide, without apparently 
adding to pollution. It does this by using solar energy. Collected by plants in photosynthesis, and through the 
heating of the earth’s water stocks, solar radiation is the external source of energy which enables the biosphere to 
convert high entropy wastes (such as carbon and nitrogen oxides) into low entropy resources, thus overcoming the 
constraints of the second law. This ‘circular’ activity (in nature) is made possible and carried out by the 
performance of environmental life support services. Climatic regulation and the biogeochemical cycling of 
elements such as nitrogen and oxygen are directly involved in reversing entropie flow; and habitat maintenance 
and genetic diversity ensure that there are sufficient animals and plants to enable this to occur. The three economic 
functions of the environment are therefore clearly linked. Resources and wastes are ultimately the same quantities 
and they differ only in entropie value; but h i^  entropy is constantly being converted back into low entropy 
through the life support services which the environment performs” (Jacobs, 1993).
Pretty (1995) uses the example of agriculture to reflect the changes brought about by modernisation 
and the move away from cyclical systems of production:
“The environmental problems caused by farming are a direct result of an increasingly intensive and specialised 
agriculture. The mixed farm can be an almost closed system, generating few external impacts. Crop residues are 
fed to livestock or incorporated in the soil; manure is returned to the land in amounts that can be absorbed and 
utilised; legumes fix nitrogen; trees and hedges bind the soil, and provide valuable fodder, fuelwood and habitats 
for predators of pests. In this way the components of the farm are complementary in their functions. There is little 
distinction between products and by-products. Both flow from one component to another, only passing off the 
farm when the household decides they should be marketed. Over the last half century many such highly integrated 
systems have disappeared.”
In a circular economy the aim is to minimise the throughput of energy and raw materials in the 
economy. As throughput is determined both by the volume of energy and raw materials entering 
into productive processes, and by the amount retained within the systems (e.g. through waste 
reduction, re-use and recycling), both inputs and outputs are addressed. Circular systems of 
production are based on minimum input, maximum retention and minimum output. In such an 
economy ‘efficiency’ is defined in terms of the effective use of physical resources rather than of 
purely financial criteria (Cooper, 1994).
Circular economies and metabolisms imply circular systems of production, distribution and waste 
management, as in Figures 5, 6 and 7, which are achieved by redesigning systems o f production and 
distribution and the products themselves, so that they ‘mimic’ natural systems (Cooper, 1994). In 
this way products are designed with ‘built-in durability’ rather than ‘built in obsolescence’; wastes 
and pollution resulting from production processes become inputs into the same production process 
or other processes. As Bill Mollison has noted ‘pollution is simply unused waste’ (Mollison, 1988). 
In a circular economy:
i. products at the end of their useful life are either re-used or repaired; or dismantled and used as
inputs in other systems;
ii. transportation is minimised by sourcing products locally, developing local re-use and
recycling systems; and
iii. energy needs are met from locally available renewable and continuing resources.
Giradet (1996) refers to human settlements with a circular metabolism as being biogenic and ‘close 
the loop’ by returning human and animal wastes to the local land that provides them with food and 
timber and other products. Chinese cities to this day return human waste to the belt of farmland that 
surrounds them, and which is maintained by them. Despite a population of 12.5 million Shanghai, 
for example, and other cities like it, are nearly self-sufficient in vegetables and grain (Giradet, 
1996). An example o f a circular and closed loop system for food is shovm in Figure 7.
Importantly, Giradet has recognised the spatial aspects (as in ii. above) associated with the ability of 
human settlements, in this instance cities, to have a circular metabolism (as shown in Figure 6).
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“A city with a linear metabolism takes what it needs from a vast area, with no thought of the consequences, and 
throws away the remains. Input is unrelated to output. Nutrients are removed from the land as food is grown, 
never to be returned. Raw materials are extracted, combined, and processed into consumer goods, resulting in 
consumer waste that cannot be beneficially reabsorbed into nature. Fossil fiiels are burned and the resulting 
emissions released into the atmosphere. In sum, our present urban-industrial civilisation is accelerating 
environmental destruction with, as yet, hardly imagined consequences for the future o f life on the planet. For 
cities to be ecologically viable their functioning needs to be rethought and reorganised. In a city with a circular 
metabolism every output can also be used as an input into the production system, thereby affecting a far smaller 
area. Sewage systems cease being disposal systems for the noxious mixtures of household and factory liquid 
wastes. Toxic liquid wastes are kept separate from ‘valuable’ household sewage and washing powders, cleaners, 
and bleaches are frilly biodegradable. Sewage works are designed to function as fertiliser factories rather than 
disposal systems for unwanted, often poisonous, discharges. Liquid chemical wastes from factories are treated 
separately or no longer used. Household and factory rubbish is regarded an asset rather than an encumbrance and 
recycling is integral to the functioning of cities rather than an optional ‘add on’ feature” (Giradet, 1996).
It is clear then, as far as Giradet is concerned, that a city with a circular metabolism will obtain (and 
return) the majority o f its material resources from within its boundary or the surrounding local area 
and region (Figures 5 and 6).
Therefore, the question arises: can circular systems of production, distribution and waste 
management operate on a national and global scale? Or rather, can this scale of economic 
organisation have a ‘circular’ metabolism, and closed-loop systems be developed, so that the 
primary objective, of aiming to maximise the welfare obtained from economic activity while 
minimising the volume o f matter and energy which flows through the economy, is satisfied (Jacobs, 
1993).
This is the point at which this thesis has deviated from the argument put forward by Jacobs: the 
spatial and physical scale o f a ‘circular economy’. Jacobs (1993) does not mention a move to a local 
production/consumption and seems to advocate the existing scale and the use o f continuing energy 
sources to provide ‘all the forms and quantities of heat, electricity and motor power which modern 
industrial society needs. It is this prospect which holds out some hope for the evolution of a global 
economy whose sustainability can be maintained even while economic growth occurs’ (Jacobs, 
1993).
There is, however, a major oversight in this proposal. The technology required to provide domestic 
and other small-scale end-users with energy from continuing and renewable sources is already 
available and solar panels and both small and large wind generators are commercially available; but 
the corresponding technologies for transportation, both car travel and freight transport, are not. 
Transport systems are dependent upon fossil fuels for vehicle manufacture, infrastructure and 
propulsion, resulting in significant environmental impacts, and the Royal Commission on 
Environmental Pollution (RCEP, 1994) believe that this situation will remain until at least 2020.
Is a ‘circular ’ global economy feasible? Daly and Cobb (1990); Douthwaite (1992 and 1996); Ekins 
(1992); Giradet (1996); and Rees (1994), amongst many others, believe that this is not possible, 
which is a view that is tested in this dissertation. In a similar way, another question that will be 
asked relates to the reduction in thermodynamic throughput called for by Schmidt-Bleek (1993)^ : is 
there a factor-10* difference in the thermodynamic throughput o f  locally and globally sourced 
apples?
 ^As discussed in Section 1.4 of Chapter 1.
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Figure 5 The spatial aspects of a biocidic (i) and biogenic (ii) human settlements
i) A s e t t l e m e n t  w i t h  a l i ne a r  m e t a b o l i s m a nd  i n p u t s  a n d  o u t p u t s  on  a n a t i o n a l  a n d  g l o b a l  s p a t ia l  s c a l e
ii) A s e t t l e m e n t  w i t h  a c i r c u l a r  m e t a b o l i s m  a n d  i n p u t s  a n d  o u t p u t s  on a l oc a l  and  r e g i o n a l  s p a t i a l  sc a l e
KEY
Set t l ement o Nat ional ly sourc ing Inputs
Regional  Source o global  sourc ing Output s
Based on Giradet (1996)
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Figure 6 Human settlements as linear and circular metabolisms
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Source: Giradet (1996)
Figure 7 The human food cycle: closing the loop
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APPENDIX 1.2
The availability and storage of British dessert apples
The National Apple Collection at Faversham in Kent, managed by the Brogdale Horticultural Trust, 
contains more than 2000 distinct British apple varieties. Many of the varieties held at Brogdale are 
only found in small numbers across Britain, or are not cultivated in gardens and orchards at all 
outside the National Collection. The reduction and even in some cases the loss of many local 
varieties is due to increases in imports; the move away from local sourcing; the move to 
specialisation in only a few varieties by UK commercial producers; and the loss of many individual 
trees and small scale and non-commercial orchards^.
The cultivation of several apple varieties (which can be harvested at different times) together with 
the application of traditional and modern storage techniques could, however, permit the year-round 
availability o f local apples. Figure 1.2.1 shows that early varieties are available between July and 
September and that other varieties can be picked in the Autumn and stored in a traditional fruit store 
until the following Spring (Idared can be stored in this way until May). Figure 1.2.2 demonstrates 
the ability to store apples picked between September and December until early summer of the 
following year (Katy can be stored until late June) by using modern controlled temperature and 
atmosphere equipment. The length of time that apples can be stored varies considerably and 
depends on the variety and the storage conditions. Traditionally apples have been stored in specially 
constructed fruit stores with walls two feet thick to keep out the frost and maintain a stable, cool 
temperature. The stores are well ventilated and the fruit is arranged on shelves around the room, and 
carefully placed on a bed of sand with each variety labelled with respect to maturity in relation to 
the sequel months. In this way apples can be stored through to May or even until the following 
season, ensuring year-round availability (Morgan and Richards, 1993). Apples have been, and still 
are, preserved by freezing, drying, canning or bottling. Alternatively apples can be converted into 
apple butter, chips, pie fillings, sauces, wine, cider or apple juice (Morgan and Richards, 1993).
Modem storage techniques began in the 1920’s at the Low Temperature Research Station in 
Cambridgeshire where it was discovered that the production of ethylene, which stimulates the 
ripening process and eventually decay, could be restricted in a cold atmosphere low in oxygen and 
high in carbon dioxide, compared to air (Morgan and Richards, 1993). ‘This discovery led to the 
development of controlled-atmosphere storage, which essentially holds the newly harvested finit in 
suspended animation’ (Morgan and Richards, 1993). In 1975 the average length o f apple storage 
was between 3 and 6 months and by 1992 this had increased to between 3 and 10 months (Hoskins 
and Lobstein, 1999).
Therefore, year-round availability of apples is ensured by planting several varieties which are suited 
to local conditions and provide a succession. Some varieties are eaten immediately and others are 
chosen because of their ability to be stored for long periods in traditional or modem stores.
Almost all commercial apple-production in Britain is based in the South of England, East Anglia or 
the West Midlands, as shown in Figure 1.2.3. The regional specialisation in commercial apple 
production is demonstrated by over 40% of UK apples being produced in Kent in 1993 (Figure 
1.2.3). Commercial apples are not normally grown at altitudes greater than 150 metres above sea 
level and when annual rainfall rises above 875 mm disease problems such as canker and scab 
become more difficult to control (Pennell, 1998). However, local varieties have been developed 
which produce good yields in regions outside the main commercial growing areas. For example, 36 
varieties of dessert apples are available from The Garden of Scotland Nurseries which can be grown 
in the North of England and Scotland (The Garden o f Scotland, 1998).
These points are discussed further in Chapter 2.
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Figure 1.2.1 The availability of a selection of British dessert apples
Cox’s Orange Pippin
Discovery
Egremont Russet
Early July
Wagener
Beauty of Bath
Greensleeves
Gloster 69
Idared
Jerseymac
Jongold
John Hugget
Kaly
Tÿdeman’s Late Orange 
White Transparent 
Vista Bella 
Worcester Fearmain 
Adams Fearmain 
Winston
i I I I ÜS
Notes:
1. Early varieties such as Discoveiy, Early July, Beauty of Bath, White Transparent, Vista Bella and John Hugget 
cannot be stored for long periods.
2. All other varieties can be stored until late winter and spring of the following year in a traditional fruit store.
Sources: MAFF (nd), Moigan and Richards (1993) and The Garden of Scotland (1998)
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Figure 1.2.2 The availability of a selection of dessert apples in Britain when stored in 
controlled-temperature and modified-atmosphere conditions.
Cox’s Orange Pippin
Crispin
Gala
Gloster 69
Golden Delicious
Jongold
Kent
Spartan
Starkrimson
Worœster Fearmain
I I I
Notes:
Cox’s Orange Pippin - Ready for eating when picked in October but by picking early and storing in low oxygen stores the 
season may be extmded until May.
Crispin - Late October until Nfey if  stored at 3.5 - 4.0 degrees Celsius and 8% OO2 .
Gala - Mid October until Januaiy stored in air at 0 - 0.5 degrees Celsius or 3.5 - 4 degrees Celsius and<l% CO2 ,2%  O2, until 
May.
Gloster 69 - November until May if stored at 1.5 degrees Celsius and 2 % O2 .
Golden Delidous - November until April if  stored at 1.5 - 3.5 d ^ e e s  Celsius and 8 % CO2.
Jongold - Mid October until January stwed in air at 0 - 0.5 d ^ e e s  Celsius or 1.5 - 2 degrees Celsius 8% CQ2 until April. 
Kent - December until June if  stored at 3.5 - 4 degrees Celsius <1% CO2 ,2%  O2.
Spartan - Eariy Odober until January stored in air at 0 - OJ degrees Celsius or until April at 1.5 - 2 degrees Celsius with 1% 
C02,2%Qz.
Starkrimson - November until March vriien stored at 0 -1.0 d^rees Celsius, 6 -8  % CO2 .
Worcester Fearmain - Mid September until February Wren stored in air at 0 -1.0 degrees Celsius.
Source: M AFF (nd)
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Figure 1.2.3 The main growing regions for British commercial apple production
C o x 's  O r a n g e  
Pippin
KEY
%
less than  5 
5 - u n d e r  10 
10 - u n d e r  20 
20 - u n d e r  30 
30 - u n d e r  40 
40 and over
Regions
I.South Anglia Fruit
2. North Anglia Fruit
3. South East Fruit
4. Southern Fruit
5.W est Midland Fruit
6. South W est & South Wales MuW-sector
7. North W est & Nordi Wales Multi-sector
8. North East Multi-sector
Source: MAFF (1998)
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APPENDIX 1.3
Sustainable Development and the response of governments, the international community and 
consumers to the environmental ^crisis’
Several international environmental treaties have been ratified by Britain and the European Union 
during the last two decades. These include the Convention on Long-Range Transboundary Air 
Pollution, The Sulphur Protocol and the Nitrogen Oxides Protocol (Whitelegg, 1995). There were 
also precursors to the Brundtland Commission and the Rio Conference. The World Conservation 
Strategy of 1980 had already advanced the idea of sustainable development and had recognised the 
challenge of integrating economic development and environment. Following the Earth Summit in 
1992 the British Government signed the Framework Convention on the Atmosphere (The Climate 
Treaty which concerns greenhouse gases, which was updated in Kyoto in 1997); the Convention on 
the Conservation of Biological Diversity; and Agenda 21. The concept of Sustainable Development 
has itself been accepted as a national planning goal (DoE, 1994). The first four of the five operating 
principles for sustainable development (including the precautionary principle), outlined in Figure
1.3.1 below, have been incorporated in summary form as European Law in the Maastricht Treaty 
(Clause 13Or). Sustainable Development: The UK Strategy endorses the Integration, Precautionary 
and Polluter Pays Principles explicitly, and implicitly accepts the Preventative and Participation 
Principles (DoE, 1994; UK Round Table on Sustainable Development, 1996).
Even though sustainable development is intended to integrate economic and environmental policies, 
economic policy has remained largely unaffected. As Jacobs (1993) explains:
“In the last few years mounting evidence o f global environmental degradation has apparently convinced most of 
the world’s political leaders that the planet faces a serious (environmental) crisis. Speeches have been made, 
conferences have been attended, declarations published. But economic policy has so far remained largely 
unaffected. At first sight this might seem surprising, since it is evident that the causes o f environmental damage lie 
in economic activities - in agricultural and industrial production, in the consumption o f energy and the discharge 
o f wastes. Few will deny that it is the scale and pattern of these activities which are responsible for the pollution 
and exhaustion o f natural resources now causing so much alarm... But from another perspective the unwillingness 
of governments to address the economic causes o f the (environmental) crisis is not surprising at all....it may 
represent a challenge to the very structures of the economic system itself...The interests ranged in defence o f the 
economic status quo are wide and powerfiil and the consequences of taking action are often uncertain” (Jacobs, 
1993).
Economic growth is still the primary objective o f most governments and the external social and 
environmental costs associated with economic growth are, to a certain extent, accepted^. 
International free trade, inward investment and economies of scale are promoted, either directly or 
indirectly, through grants and subsidies. The systems o f production, distribution and marketing 
which have evolved in these conditions are both energy- and transport-intensive"^. Within Britain 
and the European Union (EU) production, distribution and marketing systems have become more 
centralised and the process of globalisation has further increased transport-demand through 
increased trade flows, and because sourcing and distribution systems have become increasingly 
global (in their spatial distribution). Detailed research and analysis to determine the environmental 
impacts associated with these processes, to discover whether they are compatible with the goals of 
sustainable development, has been minimal^. However, the analyses which have looked at 
international trade and centralised production and distribution systems from an environmental
 ^For example, the external environmental and social costs of the transport sector in Britain have been estimated to be 
between £10.9 and £20.5 billion each year (RCEP, 1994).
For example, the analyses of Boge (1993); Cowell and Clift (1996); Giradet (1996); Holzapfel (1995); Wackemagel 
and Rees (1996); and Whitelegg (1993,1994 and 1995).
 ^This approach, therefore, does not comply with the ‘Integration Principle’ (Figure 1.3.1).
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perspective have concluded that these types of system are inherently environmentally 
unsustainable^.
The approach of individual governments, business and industry, and international bodies such as the 
United Nations to environmental ‘problems’ can be described as being both reactionary and 
incremental (Broadhead, 1999). As the symptoms of an environmental problem become so evident 
as to cause concern, a decision is made to reduce these symptoms over a period of time, without 
questioning the processes which are responsible or considering the fundamental causes. The 
present framework also restricts governments because they have obligations by signing treaties such 
as GATT (now WTO) and with other states within the European Union in terms of the Single 
Market and other trade and economic policies.
Conventional approaches to environmental protection are often based on ‘piecemeal’ solutions and 
enforced in a top-down manner by regulation without considering the ‘root’ causes and, 
importantly, alternative production and distribution systems. For example. The World Health 
Organisation and the European Commission set air quality standards which are mandatory in the 
case of the latter. These standards concern both vehicle emissions and limits on the concentrations 
of air pollutants. I f  the transport sector is considered, limits on emissions from new vehicles have 
been implemented but are based on emissions per kilometre. The total annual emissions from both 
individual vehicles and the transport sector as a whole are not regulated and the underlying reasons 
for the transport intensity o f the economy as a whole, and freight and car transport in particular, are 
not considered. Thus, despite the constraints on emissions from individual vehicles, the total 
emissions from the transport sector in the case of several individual pollutants (particularly carbon 
dioxide) have increased and will continue to do so as the number of vehicles and distance they 
travel increase (Whitelegg, 1993).
Another example of an environmental ‘problem’ and the reaction of governments and the 
international community is the issue of greenhouse-gas emissions and climate change. I f  Britain 
achieves the legally binding targets for reducing greenhouse gas emissions to 12.5 % below 1990 
levels by the period 2008 and 2012, this will be important in terms of validity o f international 
agreements^. However, when one looks deeper at the level at which these targets were set and the 
reason why Britain is likely to achieve them, then there is little cause for celebration in terms of 
‘achieving sustainable development’. If Britain does achieve the targets set at the Kyoto Summit 
this will not be as a result of any significant changes in economy policy to encourage sustainable 
production and distribution systems. The reasons are political and economic: a move away from 
heavy industry and manufacturing and a shift from coal to natural gas.
Economic policy is still treated separately from environmental protection and a few 
environmentally-based taxes have been ‘tacked on’ (Jacobs, 1993). Limits placed on emissions 
from individual vehicles and increases in fuel duty (above the rate of inflation) have had little effect 
on total emissions^ of pollutants, and the landfill tax has had little effect on domestic or industrial
 ^For example, the analyses of Boge (1993); Cowell and Clift (1996); Giradet (1996); Holzapfel (1995); Wackemagel 
and Rees (1996); and Whitelegg (1993, 1994 and 1995).
 ^ One key environmental policy issue in relation to economic activity, as Schmidt-Bleek (1993) explains, is the 
uncertainty as to “how much we have to adjust the economy in order to reach an environmentally sustainable 
situation? What does it take to re-stabilise the ecosphere?” This uncertainty is reflected in these commitments made 
by Britain (and other industrialised nations) to reduce greenhouse gas emissions compared to the recommendations of 
the Intergovernmental Panel on Climate Change (IPCC, 1990). The IPCC have recommended the following 
reductions to “stabilise the atmosphere”: 60% in carbon dioxide; 80-100% in CFC’s; 20% in methane; and 70-80% in 
nitrogen oxides.
* The UK government has adopted increases in fuel duty as the principal measure for limiting increases in carbon 
dioxide emissions from road transport. The RCEP (1994) has estimated that if the fuel duty increased by 9% each year 
between 1995 and 2005 so as to double the price of fiiel, relative to other goods, by 2005, carbon dioxide emissions 
from road transport in 2020 would be 27.4 million tonnes (a reduction of only 10% on 1990 levels). Thus, even when 
the price of fuel is doubled over a ten year period this would not achieve the modest target of the RCEP (1994) to
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waste levels. It is not surprising that attempts to reduce levels o f  domestic solid waste and 
emissions from the transport sector have (so far) been largely unsuccessful when it is considered 
that systems o f  production, distribution and marketing have not changed at all and in many 
instances have become more energy- and transport-intensive as the ‘lifestyle’ o f consumers in 
industrialised countries remains unchallenged. As Capra (1982) and Daly and Cobb (1990) have 
explained, politicians and business are refiising to change by ‘clinging ever more rigidly to their 
outdated ideas’ and ‘short-term policies.’ Wackemagel and Rees (1996) describe this process of 
acknowledgement of environmental problems and of the need to change as ‘psychologically 
disturbing’, but as Daly and Cobb (1990) have emphasised ‘there must be widespread recognition 
that something is wrong, that present policies do not work’ and that the ‘wild facts’ have to be 
accepted and taken seriously.
Businesses, the public, and politicians need not only to become aware of environmental ‘problems’ 
but also of the solutions and how their behaviour may have to change. Alternatives to 
environmentally damaging systems of production, distribution and marketing (which have evolved 
to meet our needs) will have to be identified and promoted (so that they become widespread). If  not, 
the environmental impacts associated with these systems will continue to increase (as in the demand 
for road transport)
As mentioned earlier there is still widespread confiision as to which activities are and which are not 
sustainable. This dissertation is designed to look at all o f the options for a particular food product 
and to clarify which of these options are the most and which are the least sustainable. In Chapter 2 
the planning, trade, transport and agricultural policies relating to this product will be discussed. 
These policies will then be related to the changes in the energy consumption and transport intensity 
associated with the product over the last few decades and to the goal of producing, distributing and 
marketing this product sustainably. Any conflicts between sustainable development and other 
policies will be highlighted.
I f  sustainable development is to be achieved then a prerequisite will be widespread and informed 
public participation in decision-making^^ and also a large shift to the consumption o f sustainable 
products. Public awareness of, and concerns about, environmental issues have increased in recent 
years. This has occurred because of public access to information via the media and the work of 
Non-Governmental Organisations (NGO’s). Almost ten years ago a survey o f political concerns 
within the European Community ranked ‘the environment’ second only to unemployment, with 93 
per cent of those interviewed believing it to be an important political concern (Pearce et al. 1989). 
The public have also displayed their concerns, to a certain extent, as consumers and ‘consumer 
sovereignty’ lead to supermarkets stocking organic foods^^ (Jacobs, 1993). The argument could be
reduce carbon dioxide emissions of road transport by 20% between 1990 and 2020 (which is only a third of the 
reduction recommended by the IPCC) as shown in Figure 1.3.2.
 ^The reason for the limited reduction in road transport demand when fuel prices are doubled is that the demand for 
petrol and diesel is ‘price inelastic’ (Jacobs, 1993). The price elasticity of a product is the degree to which danand for 
it rises or falls when its price changes. A product is price elastic if a small rise in the price induces a large fall in 
demand, and inelastic if the reverse applies. In general, the fewer substitutes a product has, and the more of a necessity 
it is, the more inelastic its demand will be (Jacobs, 1993). Jacobs (1993) has suggested that in such cases only a very 
large tax (e.g. full internalisation of the external costs of transportation) or regulation (say, a ban on certain uses) will 
cut demand be the requisite amount. The other option is to create alternatives (with minimal environmental impact) so 
that an activity no longer becomes a necessity. This is the option that is looked at in this dissertation. The options 
which minimise transport demand, in terms of international trade, freight distribution and car use, when meeting a 
‘need’ are considered. By looking at the geography of sourcing, and distribution systems and providing alternatives 
that minimise transport demand, this will raise the elasticity of demand for road transport fiiels.
As described in the Participation Principle in Figure 1.3.1. Policy makers, consumers and the business community 
will also need to know exactly what is and what is not sustainable, and the changes in activities and lifestyle that will 
be required.
"  Organic production is more environmentally benign than conventional high input agricultural production (as 
discussed in Chapter 1). However, almost 70 % of the organic foods consumed in Britain are imported, hi some 
instances, therefore, the environmental impacts associated with importing this produce by truck, ship and plane, 
distribution to supermarkets by truck within Britain as well as shopping trips by car could outweigh the environmental
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extended to all purchases and in this way ‘ecologically sound’ products would become profitable, 
and market forces would send out signals for them to be produced so that no change in economic 
policy would be required, just the preferences of its consumers (Jacobs, 1993). However, this 
assumes that:
i. information (based on research which has been verified by an independent body) is available 
which indicates for all products (and for the same product the production, distribution and 
marketing systems) which are the ‘most environmentally sustainable’ (i.e. which product-life- 
cycles have minimum environmental impact);
ii. this information is available and accessible to both consumers and policy makers^^. In the case 
of consumers this information is available at the point o f sale (e.g. the environmental impacts 
associated with a product are displayed in the form of an indicator on the product label or in the 
form of fact sheets);
iii. the environmentally benign products (based on sustainable production, distribution and 
marketing systems) which have been identified (in i) are widely available and are the same price 
as, or, ideally, less expensive, than the environmentally damaging alternatives.
Consumers must have sufficient information to be able to make informed decisions. At present this 
is often not possible because the consumer is both ‘psychologically’ and ‘physically’ distanced 
from many o f the environmental impacts associated with a product. This is because the 
environmental impacts are very remote from both the point of sale and the household o f the 
consumer and also because of the lack of information about the total environmental impacts of a 
product (which are a factor of the cumulative impacts of all activities involved along the production 
and distribution chain). Consumers are often unaware of:
• the source;
• the number of transport stages (and mode of each) between source and point of sale; and
• the environmental impacts of producing and distributing the products that they purchase.
This information, even if it has been determined, is often not provided by firms unless they are 
forced to do so by regulation. So a consumer may wish to exercise an environmentally-informed 
choice but be unable to do so. Providing this information is one of the main aims o f this analysis.
On the other hand the consumer may not be concerned about the environmental impacts of the 
products which they purchase, particularly if  ‘environmentally benign’ products are more 
expensive: “they may become so, but the environmental crisis cannot, unfortunately, wait until they 
do, for by then it may be too late” (Jacobs, 1993). This is why the external environmental and social 
costs of economic activities will need to be internalised, so that the ‘full costs’ associated with a 
product or process are reflected in the price (as described in the Polluter Pays Principle in Figure
1.3.1). The present commitment to reflect wider social and environmental costs in fossil-fuel taxes 
should continue and be expanded (UK Round Table on Sustainable Development, 1996). Most 
importantly, consumers should be provided with information about the life cycle environmental 
impacts of products and also have access to products which are environmentally benign. Without 
this information on, and access to, environmentally benign alternatives to products which have been 
shown to have a large environmental impact in meeting the same ‘need’, any progress will be 
limited.
benefits of organic production. This is one example of the need for a life cycle perspective and for consumers to be 
informed of the total environmental impacts associated with the products that they purchase.
It is important to inform policy makers of the results and the conclusions of analyses which identify sustainable 
products and the most sustainable production, distribution and marketing systems so that other polices can reflect 
these findings. If a sustainable food systems is to be achieved then planning, transport, agricultural, trade and 
economic development policies will all have to geared to supporting and facilitating the implementation of sustainable 
systems (as described in the Integration Principle in Figure 1.3.1).
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Figure 1.3.1 Environmental Principles
The Precautionary Principle - recognises that where there are threats of serious or irreversible
damage to the environment, the lack o f full scientific certainty 
should not be used as a reason to delay taking cost-effective 
action to prevent or minimise such damage.
The Integration Principle - recognises that environmental requirements must be integrated into
the definition and implementation of all areas o f policy-making. 
By doing so, conflicts between otherwise contradictory policy 
objectives can be avoided, and the likelihood of marginalising 
essential environmental and social concerns is minimised.
The Polluter Pays Principle - recognises that the costs of preventing or cleaning up pollution and
waste should be borne by those responsible for causing the 
pollution and waste, and not by society at large.
The Preventative Principle - recognises that it is better for society to avoid incurring the costs that
result from development activities which seriously damage 
natural or physical capital. In other words, the principle 
encourages society to act on the basis that ‘prevention is better 
than cure’.
The Participation Principle - recognises that an essential prerequisite for achieving sustainable
development is to encourage widespread and informed public 
participation in decision-making. Providing ready access to 
relevant information held by statutory authorities is another vital 
need to fulfil.
Figure 1.3.2 The effect of fuel price increases on carbon dioxide emissions from road 
transport (i)
million tonnes carbon / year
1990 2000 2020
base case
estimated reductions if fuel 
duty (Ü) increases by:
A: 9% a year 1995 - 2004
B: 5% a year 1995 - 2004
reductions required to achieve 
RCEP (1994) proposed targets (Hi)
30.5 34.7
3.0 (31.7) 
1.4 (33.3)
4.2 (30.5)
42.9
15.5 (27.4) 
8.8 (34.1)
18.5 (24.4)
Notes:
i. Figure 13.3 shows the retail price of fuel in real terms between 1950 and 2025 and the change in fuel 
price when fuel duty is increased as in A and B.
ii. Figures in parentheses are the carbon dioxide levels following the estimated reductions in emissions.
iii. The fuel duty in A and B is added to the forecast market-induced price increases.
iv. The targets of the RCEP (1994) are to limit emissions of carbon dioxide from surface transport in 2000 to 
the 1990 level and to reduce emissions in 2020 to no more than 80% of the 1990 level.
V. The RCEP estimate used the forecasts of the DoT (1989) which predicted large increases in both car and 
freight transport as the ‘base case’.
Source: RCEP (1994)
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1.3.3 The retail price of fuel in real terms and the effect of increases in fuel duty
300
2 5 0 -
200 -
index
based on 150- 
1990 price
100 -
5 0 -
20201980 1990 201020001960 19701950
B
Base case
Base case is DOT forecast of market-induced price increases 
A: additional effect of increasing duty by 9% a year 1995-2004 
B; additional effect of increasing duty by 5% a year 1995-2004
Source: RCEP (1994)
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APPENDIX 1.4
The Principles and Goals of Sustainable Development
There have been many definitions of sustainable development following the Brundtland Report^^ 
This is because the definition that was provided by the Brundtland Commission can be interpreted 
in different ways. The main distinction between the various definitions is that of ‘weak’ and 
‘strong’ sustainability. Weak sustainable development assumes that ‘man-made’ capital is a near­
perfect substitute for natural resources, and consequently for the stock o f natural capital^^ that yields 
the flow of these natural resources (Daly and Cobb, 1990). This definition assumes that society is 
sustainable provided that the aggregate stock o f manufactured and natural capital is not decreasing. 
This definition of sustainable development is rejected in this thesis and the concept of a constant 
natural capital stock^^ used as a basis for ‘strong’ sustainable development. Strong sustainability 
therefore requires that natural capital stocks are held constant independently o f human-made capital 
(Wackernagel and Rees, 1996).
Wackemagel and Rees (1996) indicate that apart from the different interpretations and definitions 
of sustainable development there are other ambiguities in the sustainable development debate. It 
could refer to:
(a) the necessary conditions to five sustainably (a goal or state of being);
(b) the socio-political means of achieving the goal (a planning process);
(c) particular strategies to solve present problems (piecemeal solutions).
In this thesis sustainability will be interpreted as in (a) and, as the subject is a food product, has 
been defined as:
Even ten years ago, Pearce et al. (1989) provided a 'gallery of definitions of sustainable development’.
Some authors have argued against the concept of sustainable development. Beckerman (1995), for example, has 
stated that: “The two new catch-phrases, ‘the precautionary principle’ and ‘sustainable development’, are repeated 
parrot-fashion by environmental policy-makers. Continued invocation of these catch-phrases can only pressurise 
governments into hastily devised, inefficient and expensive environmental regulatory policies that usually involve an 
unwarranted intŒvention in the operation of the market....in the longer run economic growth is still tiie best means of 
achieving the old-fashioned goal of maximising society’s welfare over whatever time period is thought relevant.” 
Beckerman has recognised the flaws in economic theory and that: “market mechanisms will not always ensure 
adequate protection of the environment unless special steps are taken to improve, or supplement, its operation. The 
challenge facing policy-makers therefore is to design policies to enable market forces to operate in the environmental 
sphere... but this is an extremely difficult task.” In this dissertation I argue that social, environmental and economic 
analyses are required and that the highest levels of human welfare and environmental protection will not be achieved 
through market mechanisms and economic analyses alone (and by attempting to place a monetary value on 
environmental functions which are described in Appendix 1.1).
‘Natural capital’ refers to the stock of natural assets that yields a flow of valuable goods and services into the future. 
For example, a forest, a fish stock, or an aquifer can provide a harvest or flow that is sustainable year after year. The 
forest or fish stock is ‘natural capital’ and the sustainable harvest is ‘natural income’. Natural capital includes not only 
(finite, renewable and continuing) natural resources, but also the other ‘functions’ of the environment such as waste 
assimilation; hydrological and ecological cycles; climate regulation; and protection from ultraviolet radiation- which 
are often overlooked by concentrating on ‘resources’. These are the self-regulatory and homeostatic mechanisms (or 
functions) that stabilise conditions on Earth for all contemporary life forms, including humankind (as discussed in 
Appendix 1.1), All these are, therefore, forms of natural capital (Wackemagel and Rees, 1996).
Daly (1990) and Wackemagel and Rees (1996) have argued that a prerequisite to sustainable development is the 
conservation of natural capital, including the biophysical entities and processes mentioned above (and described in 
Appendix 1.1). Rees (1994) provides a definition for the goal of ‘natural capital conservation’ or what has been 
termed ‘constant natural capital stock’: ‘Each generation should inherit an adequate stock of natural assets alone no 
less than the stock of such assets inherited by the previous generation.’ The consfant-natural-stocks criterion also 
implies that, for the foreseeable future, humankind must learn to live on the annual flows: the ‘interest’ generated by 
remaining stocks of natural capital (Rees, 1990). It is therefore related to Hicksian (or sustainable) income: the level 
of consumption that can be maintained from one period to the next without reducing wealth (productive capital) 
(Rees, 1994).
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‘the systems of food production, distribution, marketing and waste management in which the 
material and energy throughput is minimised. When there are several options of meeting the 
human need for nutrition all the different ‘means’ to achieve the same ‘end’ are assessed to 
discover which system has minimal thermodynamic throughput’.
This definition of sustainable development also considers the sustainable principles and the goals 
listed in Figures 1.4.1 and 1.4.2
To see how these principles and goals fit into the process of developing strong sustainability refer to Figure 1.7.
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Figure 1.4.1 A Statement of the ‘principles’ of strong sustainable development
1 ) Daly (1991) argues that a physically sustainable society should satisfy three basic
conditions:
i. its rates o f use of renewable resources do not exceed their rates of regeneration;
ii. its rates o f use o f non-renewable resources do not exceed the rate at which sustainable renewable 
substitutes are developed;
iii. its rates o f pollution emissions do not exceed the assimilative capacity o f the environment.
2 ) Robert (1996) lists the system conditions for sustainability.
i. Substances from the Earth’s crust must not systematically increase in nature e.g. minerals, fossil fuels etc.
ii. Substances produced by society must not systematically increase in nature. Elements and compounds that 
cannot be absorbed into natural cycles should, therefore, be avoided. Elements and compounds which can be 
absorbed into natural cycles should not be released at a faster rate than they can be absorbed.
iii. Renewable resources, the physical basis of nature, should not be depleted (e.g. fish stocks, soil, forests etc.) 
as they are crucial to ecosystems fimctioning; and reconcentrating and restructuring dispersed substances into 
new resources (i.e. the largest producers o f ‘quality’).
iv. Therefore, we must be efficient in our use o f resources and promote justice to meet basic human needs 
everywhere. Ignoring poverty will lead the poor, for short term survival, to destroy resources that we all need 
for long term survival (e.g. the rainforests).
3 ) Wackernagel and Rees (1996) list the following criteria for sustainable development.
If we are to live sustainably, we must ensure that we use the essential products and processes o f nature no more 
quickly than they can be renewed, and that we discharge wastes no more quickly than they can be absorbed.
i. Consumption by the economy of the products and services of nature cannot exceed their rates of 
production by the ecosphere.
ii. Production of wastes by the economy cannot exceed the assimilative capacity of the ecosphere.
iii. Economic activity must not jeopardise essential life-support systems of the ecosphere.
These factors lead to the following overall necessary condition for ecological or strong sustainability:
‘each generation should inherit an adequate per capita stock o f self-producing natural capital no less than that
inherited by the previous generation.’
4) Jacobs (1993) proposes the following working principle to define what is meant by 
‘environmental protection’ and the concept of sustainability:
Sustainability means that the environment should be protected in such a condition and to such a degree that 
environmental capacities (the ability of the environment to perform its various fiinctions) are maintained over 
time: at least at the levels sufficient to avoid friture catastrophe, and at most at levels which give future 
generations the opportunity to enjoy an equal measure o f environmental consumption. Environmental functions 
include provision o f renewable, continuing and finite resources; the assimilation of waste materials; and the 
performance o f environmental services. Such services include life support services such as climatic regulation, 
geochemical recycling, and the maintenance of biodiversity; and amenities o f various kinds, including aesthetic, 
health-giving, recreational and scientific (these ‘functions’ are listed in Appendix 1.1). The idea of ‘maintaining 
environmental capacity’ can be applied to each function.
5) Ekins (1992) produces a similar list:
i. Renewable resources must be renewed through sustainable harvesting and the maintenance o f soil fertility, 
hydrobiological cycles, and necessary vegetative cover;
ii. Non-renewable resources must be used intensively through durable design, repair, reconditioning, reuse, and 
recycling;
iii. Important ecosystems must be protected to preserve biodiversity;
iv. Destabilisation of such global features as climate and the ozone layer must be prevented;
V. At a minimum level of reserves, consumption of non-renewables should be matched by new discoveries of the 
resource. Such consumption should involve a contribution to à capital fund to finance research o f alternatives;
vi. Emissions into air, soil, and water must not exceed the capability of the planet to absorb, and recycle them;
vii. Risks o f life-damaging events from human activity should be kept low. Technolo^es threatening long-lasting 
ecosystem damage, such as nuclear power, should be foregone.
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Figure 1.4.2 The ‘high Level goals’ of strong sustainable development
1 ) Daly (1991):
Tn the short term the energy and material throughput of economic activity must be minimised...we will in the future 
have to live largely on the current flow of solar energy rather than the accumulated sunshine o f Palaeolithic summers. 
In other words we will shift from major dependence on non-renewable terrestrial stocks back to renewable solar flow 
resources...lf our ultimate natural resource is the solar flow of low entropy, then our ultimate capital is the gene pool 
in which evolution has evolved and stored technologies for tapping the basic flow for life generation’
2 ) Robert (1996):
‘Earth’s system is closed with regard to matter, because of gravity. Matter can neither be produced nor disposed of. 
But the system is open to energy. The sun shines on it, and heat exits continuously. Life appears within a continuous 
stream of decay which reorganises back into new resources (with the energy of the sun). Most of the time that 
humans have existed we have fitted reasonably well with ‘natural cycles’. However, the last century has seen a 
drastically increasing linear flow of materials, powered by fossil fuel sources. The end products from rubbish bins, 
chimneys, exhaust pipes, drains and sewage treatment works, do not simply disappear - nothing can disappear. Any 
o f this which is not recruited into new resources, by either society or nature, will accumulate as waste whilst at the 
same time the available resources will diminish. All environmental issues linked to survival take part in this linear 
process. Human societies can survive in the long term only if  we regain the balance between consumption and 
recreation of resource quality. Sooner or later, in one way or another the laws of nature will impose themselves, no 
matter how we act, no matter what we want to believe.’
3 ) Rees (1994) argues:
‘There is no getting around the feet that material consumption is at the heart o f the sustainability crisis...The 
continuous growth in material and energy throughput, encouraged by the dominant development model, threatens the 
stability of the ecosphere at both ends of the tiiermodynamic stream: excessive input results in natural capital 
depletion and excessive output fills waste sinks to over-flowing....An ecologically sustainable economy is one in 
which consumption does not exceed natural income, broadly defined...This involves reducing the total net throughput 
of today’s economy while attempting to accommodate both rising material expectations (of the world’s poor) and a 
doubling of population over the next 50 years...Sustainable development therefore depends on reducing the material 
and energy throughput of the global economy. A  fector-10 reduction in the material and energy intensity of present 
production in industrialised countries may be required.’
4 ) Jacobs (1993) proposes the following to increase environmental efficiency:
‘The most desirable methods are those which reduce the throughput of the economy. Thus avoiding waste altogether 
is clearly preferable to recycling i t  Reducing demand for materials should take priority over increasing waste 
assimilation capacities. Creating more durable goods is more important than making them recyclable. Ultimately we 
should be aiming to maximise the welfare obtained from economic activity while minimising the volume of matter 
and energy which flows through the economy. This is the most genuine measure o f economic efficiency...There is a 
solution to the ‘entropy problem’ which we might describe as ‘going back to nature’...It is only through the 
development of continuing energy sources, therefore, that the vicious circle o f economic entropy can be broken, and 
the virtuous one o f sustainability put in its place.’
5 ) Ekins (1992) also considers projected population increase and annual economic growth:
‘Humanity in its wisdom has chosen a linear economic model in which resources and wastes are disconnected. The 
inevitable result, as soon as throughput is significantly increased, is resource shortages on the one hand and pollution 
problems on the other. This situation can be remedied only by learning, or relearning, nature’s way: rely on 
renewable resources; ensure that they are indeed renewed; and refrain from producing wastes that cannot become 
resources...By locating consumption in a circular process which feeds back into the productive part o f the economic 
cycle...In the terminology pioneered by Dutch economist Roefie Heuting (1980; see Appendix 1.1), the environment 
performs many “fiinctions” for humanity in a way of providing resources, absorbing and neutralising wastes, and 
yielding such “services” as climatic stability, the ozone layer and the beauty and scenery. The scale and form of 
human activity has resulted in a competition between these functions i.e. tropical forests can provide a temporary 
source o f hardwoods or act as carbon sinks; a habitat for millions o f species; and climatic stabilisers, but not both. In 
this context, human prosperity and, perhaps, survival depend on the preservation of essential environmental services.’
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APPENDIX 2.1
The trends in international freight transport, freight distribution in Britain and car use.
2.1.1 International freight transport
Between 1950 and 1990, world trade increased elevenfold to about 3.5 trillion (10^^) dollars, over 
twice as fast as world product which increased by nearly five times over the same period. 
International freight is moved by plane, ship, truck and rail; however, intercontinental trade is 
carried predominantly by ship and air. In the case of Britain, foreign trade by ship increased steadily 
between 1965 and 1993 from 189.1 million tonnes to 340.9 million tonnes and over the same period 
air freight more than trebled from 418 thousand tonnes to 1,378 thousand tonnes (DoT, 1994).
Within the European Union, the completion of the internal market, and the introduction of a 
completely liberalised (or deregulated) market in 1991, permitted the free movement of road freight 
across national borders within the EU. This means it is now possible for non-resident hauliers to 
collect and dehver loads within the boundaries of another member state, and this access to other 
domestic markets is normally referred to as ‘cabotage’ (Whitelegg, 1993). The Maastricht Treaty 
estabhshed a Cohesion Fund to provide a financial contribution to certain Member States in the 
fields o f ‘environment’ and ‘trans-European networks’ (RCEP, 1994) and the EU is to contribute to 
the establishment and development of trans-European networks for transport, telecommunications 
and energy infrastructures. The principal objective of these networks is to ensure the efficiency of 
the internal market, by improving the mobility o f people and goods, and to reinforce economic and 
social cohesion (RCEP, 1994). The Royal Commission on Environmental Pollution have stated that 
the proposal ‘which arouses most concern is the Trans-European Road Network’ (RCEP, 1994).
The EC intends to add 12,000 kilometres (km) of motorway to the present 37,000 km in the next ten 
years (Transport Europe, 1992), as part of the EC’s largest ever spending programme on road 
building in the form of a Trans-European Road Network (TERN), specifically intended for lorry 
traffic, which involves a total of 50,000 kilometres of new roads (Paxton, 1994 ). This plan is costed 
at 120 billion ECU’s and ‘comes from the same stable as the car-free city concept and the green 
book on the urban environment; clearly there is some inconsistency in EC pohcy’ (Whitelegg, 
1993:161).
2.1.2 Freight transport within Britain
The trend in the transportation of goods (freight distribution) has been a marked shift from rail to 
road (Figures 2.1.1 and 2.1.2). The relative share and absolute volume of freight hauled by rail has 
fallen sharply and between 1952 and 1989 goods moved by rail fell each year by an average of 0.56 
billion tonne-kilometres. Over the same period road freight increased on average by 2.43 billion 
tonne-kilometres per year. Between 1952 and 1993 road freight movement increased fourfold, and 
transport by water more than doubled, largely because of the growth of the North Sea oil industry. 
Rail freight movement, which was the most important mode in 1952, has more than halved (Figure
2.1.2). Figures 2.1.1 and 2.1.2 show how the amount of goods lifted, which is measured in tonnes, 
and the distance which goods are moved, measured in tonne-kilometres, by road, rail and water 
transport has changed since 1952. Road transport is now the predominant mode of freight 
distribution, accounting for 63% of freight tonne-kilometres in 1993. Substantial quantities of 
freight (mostly oil, petroleum products and coal) are carried by coastal shipping and inland 
waterways (25% of tonne-kilometres) and the remainder is carried by rail (6.5%) and on-shore 
pipelines (5.5%). A key indicator of freight transport activity, as Figure 2.1.3 shows, is that between 
1961 and 1991, goods lifted fluctuated but remained within 25 per cent of that of the base year 
1961, whilst the distance the goods are moved doubled, reflecting the increase in the distance that 
roughly the same quantity of goods are being transported within the UK. Similarly, Figure 2.1.4 
shows that between 1952 and 1991 although the quantity of goods lifted has fluctuated, there has 
been doubling since 1952, whereas goods moved has more than quadrupled over the same period.
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This indicates that not only are more goods being moved around the country by road but that these 
goods are being transported further. A comparison of Figure 2.1.3 and Figure 2.1.4 shows that this 
trend has become more pronounced since 1961. Between 1952 and 1993 there was a 128% increase 
in the average length of freight trips by road, from about 37 kilometres in 1952 to 84 kilometres in 
1993 (RCEP, 1994).
Figure 2.1.5 provides an international comparison of rail and road freight in 1991. In Britain more 
goods are transported by road than in any of the other four OECD countries listed and also the least 
by rail. As a percentage of all freight aetivity, rail freight activity in Britain is seven times less than 
in Switzerland and four times less than in the USA.
A forecast by the Department of Transport for road freight traffic by heavy goods vehicles, using 
1989 as a base year, prediets a large increase in both vehicle-kilometres and tonne-kilometres 
(Figure 2.1.6; DoT, 1989). The upper forecast is that goods moved by heavy goods vehicle (tonne- 
kilometres) could increase by 200 per cent by 2025.
The influenee of the sourcing and distribution policies of the multiple retailers on levels of freight 
transport in Britain, and road freight transport in particular, is discussed in sections 2.8 and 2.9.2. 
The government has stated the desire to reduce the ‘levels of road freight transport growth’, 
primarily through increases in coastal shipping, inland waterway and rail freight distribution 
(DETR, 1998). The proposals of the Royal Commission on Environmental Pollution (1994) and 
those in the Transport White Paper of 1998 (DETR, 1998) for freight transport are discussed in 
section 2.10 and the feasibility of a modal shift for apple distribution in Chapter 4.
Figure 2.1.1 Freight Transport: goods lifted by mode
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Based on data from Department o f Transport (DoT, 1976,1887, 1995).
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Figure 2.1.2 Freight Transport: goods moved by mode
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Based on data from Department o f Transport (DoT, 1976,1887, 1995).
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Figure 2.1.3 Changes in freight transport in the UK 1961 -1992 relative to 1961 (base year)
n c - Ic i 1 o m c t r  s )
Based on data from Department o f Transport (DoT, 1976,1887,1995). 
Figure 2.1.4 Freight transport: goods lifted and moved by mode 1950 - 1989
Based on data from Department o f Transport (DoT, 1976,1887, 1995).
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Figure 2.1.5 International comparison of rail and road freight in 1991
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Based on data from Department o f Transport (1995)
Figure 2.1.6 Forecasts of freight traffic (1989 - 2025)
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2.13 Passenger and Private Transport: trends in car usage, public transport, cycling and walking
When the passenger and private transport statistics o f the past forty years are analysed some distinct 
trends emerge. In 1952 the population of Britain travelled under 200 billion passenger-kilometres in 
total; the figure in 1993 was over 700 billion (Figure 2.1.7). In the period from 1952 to 1995 car- 
passenger travel increased tenfold, bicycle use dropped by 80 per cent and bus travel halved despite 
the fact that the average Briton was travelling three and a half times further in the course of the 
year. The trend for passenger traffic has been a marked increase in the relative share and absolute 
volume of private car travel matched by a correspondingly precipitous decline in public transport 
(Pearce 1993). The Department of the Environment has recorded the growth in private transport and 
their data shows that between 1970 and 1992 car travel almost doubled to an average o f 6,500 miles 
per person per year, while travel on passenger vehicles, mainly buses and coaches, fell by a quarter, 
to less than 600 miles per person per year (DoE, 1996).
The annual distance travelled by cars, in vehicle-kilometres is predicted to increase by between 75 
and 122 per cent between 1989 and 2025, which will result in a total annual distance travelled of 
between 572 and 726 billion car-kilometres in 2025 (Figure 2.1.9; DoT, 1989). In 1952 there were 
just over 2 million cars on Britain’s roads, by 1980 there were 14.6 million and now there are well 
over 20 million with an average annual increase of 440,000 in the number of new cars (Figure 
2.1.8). The Department of Transport has predicted that the number of cars in the UK will increase 
by between 63 and 86 per cent by 2025 (Figure 2.1.9, based on 1989 figures), which would bring 
the number of cars in Britain to between 31.4 million and 35.8 million in 2025 (DoT, 1989).
These large increases, in both the number of cars and the total distance being travelled be car, have 
been made possible because the public highway and motorway network have been gradually 
extended over time. Figures 2.1.10 and 2.1.11 show the annual increases in road length and 
motorway which are, on average, 1,500 kilometres and 113 kilometres, respectively.
In 1990 Britain already had the highest level of private car-use per capita in Europe. In the decade 
up to 1990 Britain experienced one of the highest increases in car use per capita in Europe, as 
Figure 2.1.12 shows, and in 1990 also had the least roadway per capita in Europe apart from 
Greece. Figure 2.1.13 provides an indication of the likelihood of congestion on the road network in 
OECD countries. The ‘congestion factor’ is calculated by dividing the average distance travelled 
per year per capita by the length of roadway per capita: the larger the value the more likely that 
congestion will occur. The striking result is that Britain has a * congestion factor^ of 2647, which is 
more than double that of any other OECD country apart from Italy, and is approaching three times 
the average, which is 983.
The forecasts by the Department of Transport o f increases in the number of cars and the distance 
that they travel will result in “much of the motorway network being in day-time gridlock and 
motorists facing day-long jams on main routes around England’s major cities by 2005’. Road ‘stress 
maps’ drawn up by the Department of Transport reveal that if the trend is not reversed, the severely 
congested area could spread to include virtually every major road in the South - East o f England” 
{Prynn, 1996).
“forecast levels of traffic growth, especially in urban areas, cannot be met in fiill new road building or the
upgrading of existing highways will in some cases be environmentally unacceptable” (DoE/DoT, 1994).
This realisation was important in terms of transport policy in that it was accepted that a supply-led 
approach to relieve congestion was both unacceptable and impracticable. Alternative solutions to 
the problems of increasing levels of car travel and congestion were required.
“Simply building more and more roads is not the answer to traffic growth. The policy o f ‘predict and provide’ did 
network” (DETR, 1998).
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The influence of changes in the scale and location of retail outlets on levels of car travel and the use 
of public transport for shopping trips is discussed in section 2.9.3. The proposals of the Royal 
Commission on Environmental Pollution (1994 and 1997) and The Transport White Paper (1998) to 
tackle the problems associated with increasing car use are discussed in section 2.10 and Appendices 
2.6 and 2.7.
Figure 2.1.7 Passenger transport by mode, 1952 - 1992
600
- C a r s  and V a n s  
R a i l
' B u s  and C oa ch  
C y c l i n g
500
400
9^ 300
200
100
0
1 9 5 0 1 9 6 0 1970 1980 1990 2 000
Based on data from Department o f Transport (DoT, 1976, 1887,1995).
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Figure 2.1.8 Registered cars in Britain, 1950 - 1990
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Figure 2.1.9 Forecasts for road traffic in Britain, 1989 - 2025
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Based on data from Department o f Transport (DoT, 1976, 1887, 1995).
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Figure 2.1.10 Public road length in Britain, 1951 - 1990
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Figure 2.1.11 Motorway length in Britain, 1951 - 1990
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Figure 2.1.12 Private car ownership and use in OECD countries
Country
Private car ownership 
per 1000 population
Kilometres of private car use 
per capita per year
Roadway 
per capita 
(m) 19891980 1990
Increase
(%) 1980 1990
Increase
(%)
Austria 299 384 28 6441 8176 27 14
Belgium 321 393 22 6271 7622 22 13
Denmark 271 312 15 7479 10458 40 14
Finland 256 386 51 7080 9379 32 15
France 357 417 17 8445 10413 23 14
Germany (West) 375 481 28 7603 9388 23 8
Great Britain 278 376 35 7112 10586 49 4
Greece 89 159 79 NA NA NA 3
Italy 310 433 40 5685 8555 50 5
Norway 303 380 25 7705 9647 25 21
Portugal 114 242 112 4087 6173 51 NA
Spain 202 308 52 3508 4179 19 4
Sweden 347 421 21 8018 10071 26 16
Switzerland 356 443 24 8723 9776 12 11
The Netherlands 322 370 15 7195 8992 25 8
U.S.A. 548 648 18 14598 17002 16 25
Source: Pucher (1995)
Figure 2.1.13 A congestion indicator in OECD countries
Country Kilometres of 
private car use per 
capita per year, 1990
Roadway per 
capita (miles) 
1989
Congestion
factor
Austria 8176 14 584
Belgium 7622 13 586
Britain 10586 4 2647
Denmark 10458 14 747
Finland 9379 15 625
France 10413 14 744
Germany 9388 8 1174
Italy 8555 5 1711
Norway 9647 21 459
Spain 4179 4 1045
Sweden 10071 16 629
Switzerland 9776 11 889
The Netherlands 8992 8 1235
U.S.A 17002 25 680
258
The Main Air Pollutants Resulting From Road Transport APPENDIX 2.2
Particulate Matter (PMlO’s)
Particulate matter is a complex mixture of organic and inorganic substances which exist in the 
atmosphere as both solids and liquids. A wide range of terminology is applied to particulate matter, 
reflecting the measuring methods (e.g. total suspended particles), site of deposition in humans (e.g. 
inhalable, thoracic particles), or physical characteristics (e.g. PMio which refers to an aerodynamic 
diameter of less than 10 microns). A further distinction that can be made is to classify particulates 
as either ‘primary’ or ‘secondary’, according to their origin. Primary particulates are those emitted 
directly to the atmosphere while secondary particulates are those formed by reactions involving 
other pollutants. In the urban context, most secondary particulate matter occurs as nitrates formed in 
reactions involving nitrogen oxides. Diesel particulates are fine particles, mainly o f carbon, which 
form when diesel fuel does not bum completely. Normally values quoted for particulate emissions 
are those from engines, exhausts and fuel systems. Other sources of particulates, many of which are 
of respirable size, arise from tyre abrasion and braking systems including asbestos, chrome, nickel, 
copper, zinc, cadmium, cobalt and aluminium (Whitelegg, 1993).
Human health effects
Particulates can aggravate diseases like bronchitis and asthma by irritating the respiratory system, 
exacerbating morbidity and mortality from respiratory dysfimction. Diesel particulates are classified 
as probable carcinogens while suspended particulates have the ability to absorb carcinogens.
Other environmental effects
Other environmental effects include the soiling of exposed surfaces, impairment of visibility, 
potential modification of climate and contribution to acid deposition.
Nitrogen Oxides ( NOx )
NOx is the umbrella term used to refer to two oxides of nitrogen - nitric oxide (NO) and nitrogen 
dioxide (NO2) - which are both emitted from road vehicles. They form in engines at high 
combustion temperatures and pressures, when atmospheric oxygen in the engine combines with 
nitrogen from the air or in the fiiel itself. The two oxides of nitrogen are grouped together because 
NO is oxidised in the air to form NO2. Consequently, data on health risks, ambient concentrations 
and standards and guidelines are generally expressed in terms of NO2 rather than NO (Whitelegg, 
1993).
The average concentration of nitrogen oxides (NOx) has increased over recent years, in the case of 
NO2 by as much as 35 per cent between 1986 and 1991. This is mainly due to an expansion in road 
traffic, which is now the main source of NOx emissions. Exposure is highest in urban areas and 
along busy roadside locations, where air quality is frequently classified as ‘poor’ or ‘very poor’, in 
some locations as often as once or twice a month on average (Pearce, 1993). In 1988 a Nitrogen 
Dioxide Protocol was agreed in Sofia, entering into force early in 1991. This committed signatories 
to a freeze on emissions at 1987 levels by 1994. Twelve countries additionally committed 
themselves to a reduction of 30 per cent in NOx emissions and the UK ratified this proposal in 
1990.
The dominant emission source of nitrogen oxides, approximately 50 per cent, is road transport, a 
sector which has gained in importance over the last ten years. In 1980 transport-related NOx 
emissions accounted for only about a third of the total, which has in recent years increased to over 
50 per cent of the total. Although catalytic converters, now compulsory on new cars, may go some 
way towards curbing emissions, the increasing number of vehicles may make the Sofia target
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difficult to meet, unless further measures are introduced (Pearce 1993). Catalytic converters cannot 
be fitted to diesel engines, so NOx emissions from heavy goods vehicles are likely to become more 
significant (Fergusson 1993).
Human health effects
NO2 is more toxic than NO and in humans causes:
a. Altered/reduced lung function as well as lung tissue damage and the development of 
emphysema-like lesions in the lungs;
b. Acute respiratory illness and irritation of the respiratory tract;
c. Increased susceptibility to viral infection;
d. Pulmonary fimction effects
The most serious health effects occur in combination with other air pollutants. Young children and 
asthmatics are the groups at greatest risk from ambient NO2 exposures (Whitelegg 1993).
Other environmental effects
NOx plays a major role in acid deposition in Europe, contributing up to half o f the acidification of 
rainfall. Both NO and NO2 combine with hydroxy (OH) radicals to form nitrous and nitric acid, 
respectively. NOx also contributes to the formation of ground level ozone.
Carbon Dioxide (CO2)
Carbon dioxide (CO2) is released whenever anything is burnt which contains the element carbon. In 
chemical terms, ‘burning’ is the rapid oxidation of carbon to carbon monoxide which in the air 
oxidises further to carbon dioxide, in an exothermic reaction (one which emits heat). All fossil 
fuels, including petroleum and diesel, consist of hydrocarbons and emit carbon dioxide when burnt.
At the Earth summit in Rio de Janeiro in 1992, 154 countries including Britain made a commitment 
to stabilise carbon dioxide emissions at 1990 levels by 2000. However, the Intergovernmental Panel 
on Climate Change (IPCC), have recommended a 60 per cent reduction in emissions by the 
millennium to halt global warming (IPCC 1990). To reduce Britain’s per capita emissions to the 
global average would require a 93 per cent reduction and “this requirement should not be ignored as 
equity has become a significant issue in the international negotiation of national pollution targets” 
(Adams, 1992). At the Kyoto Conference in 1997 the British government signed a legally binding 
target to reduce greenhouse gas emissions to 12.5% below 1990 levels by the period 2008-2012, 
additionally Britain aims to reduce carbon dioxide emissions by 20% by 2010.
In OECD countries, transport accounts for 20 - 30 per cent of carbon dioxide (CO2) output and 
between 1973 and 1989 emissions of carbon dioxide from transport increased by more than a third. 
About 75 per cent of this growth was from cars, lorries and other road vehicles (Hamer, 1993). In 
Britain transport accounted for 21 per cent of carbon dioxide emissions in 1994 (DoT, 1995). The 
Royal Commission on Environmental Protection have stated that until 2020, it expects all increases 
in carbon dioxide emissions to come from transport. The Earth Resources Research (ERR) 
consultants predict that the growth in carbon dioxide output arising from increases in road traffic 
will greatly outweigh any reductions in emissions from the improved efficiency in car engines. 
Boyle et. al. (1989) predict that carbon dioxide from the transport sector will rise by 20 - 40 per cent 
by 2005. Based on 1990 levels, ERR estimate an increase in carbon dioxide emerging from 
Britain’s vehicle exhausts of between 60 and 120 per cent by 2025, even assuming the average fiiel 
efficiency of cars improves by one third (Hamer 1993). Catalytic converters reduce other polluting 
emissions from vehicles but when they are fitted to vehicles CO2 emissions increase slightly 
(Roberts, 1992).
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Environmental effects
Global warming as a scientific debating point centres on the link between increasing levels of 
greenhouse gases in the atmosphere and raised (average) global temperatures. Energy from 
incoming solar radiation reaches the earth but less is radiated into space than is received because of 
the ‘blanket’ of greenhouse gases which keep the heat in. As a result of increasing levels of 
anthroprogenic CO2 emissions there is now a fierce debate about the correlation between 
increasingly high concentrations of CO2 in the atmosphere and global mean temperatures and the 
possibility that any observed changes are nothing more than naturally occurring long term 
variations in climate (Houghton and Woodwell, 1989).
The Intergovernmental Panel on Climate Change (IPCC), which was created by the World 
Meteorological Organisation and the United Nations Environment Programme in 1988, presented 
their first report in the summer of 1990. Whitelegg (1993) has provided the following summary of 
the findings o f the IPCC:
“ They calculated with certainty that:
i. there is a natural greenhouse effect which already keeps the earth warmer than it would otherwise 
be;
ii. emissions resulting from human activities are substantially increasing, resulting in increased 
atmospheric concentrations of the greenhouse gases: carbon dioxide, methane, chlorofluorocarbons and 
nitrous oxide;
iii. this will result in average additional warming of the earth’s surface.
The IPCC calculated with confidence that:
i. carbon dioxide has been responsible for over half the enhanced greenhouse effect in the past and is 
likely to remain so in the future;
ii. the long-lived gases (CO2 , N2 O, CFC’s) would require immediate reductions of over 60 per cent in 
emissions from human activities to stabilise their concentrations at 1991 level; methane would require a 15 
- 20 per cent reduction.”
Carbon Monoxide (CO)
Carbon monoxide (CO) is a colourless, odourless and tasteless gas that is slightly lighter than air. 
Natural background levels o f CO fall in the range 0.01 - 0.23 mg/m^. Levels in urban areas are 
highly variable, depending on weather conditions and traffic density. Eight-hour mean values are 
generally less than 20 mg/m^ but can be as high as 60 mg/m^ . The World Health Organisation 
guidelines for eight-hour mean values is 10 mg/m^ and this guideline concentration is most likely 
to be exceeded in urban areas during the winter.
Carbon monoxide is an intermediate product through which all carbon species must pass when 
combusted in oxygen. In the presence of an adequate supply of oxygen, most carbon monoxide 
produced during combustion is immediately oxidised to carbon dioxide. However, this is not the 
case in spark ignition engines, especially under ‘idling’ and deceleration conditions.
Under normal atmospheric conditions, carbon monoxide is converted in the atmosphere to carbon 
dioxide as a result of reactions with hydroxyl radicals. High concentrations o f carbon monoxide can 
lead to local depletion of hydroxyl radicals (since the latter react with carbon monoxide more 
readily than with other pollutants such as tropospheric ozone and methane) and therefore to a build­
up of these two pollutants, both of which are greenhouse gases. Transport is responsible for about 
90 per cent of all UK carbon monoxide emissions; emissions from road transport have increased by 
over 30 per cent in the last ten years (RCEP, 1994).
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Human health effects
Carbon monoxide is toxic to vertebrates (and some invertebrates) because it combines with 
haemoglobin in the blood to form the stable complex carboxyhaemoglobin, thereby reducing the 
blood’s oxygen-carrying capacity. Exposure to high concentrations results in loss of consciousness 
and death. At lower concentrations, CO affects the fimctioning of the central nervous system, 
causing impairment o f vision and slowing down of reflexes and mental functions; it can also cause 
headaches and drowsiness.
Photochemical Smog
Photochemical smog is a complex mixture o f pollutants which can form in hot sunny weather. 
Ozone is one of the main components of photochemical smog and is formed as a result of chemical 
reactions between other pollutants and is not emitted directly into the atmosphere. The major source 
of ozone precursors is motor vehicles which produce the nitrogen dioxide and hydrocarbons needed 
to ‘generate’ it, when bright sunlight drives a series o f chemical reactions. Natural background daily 
average levels of ozone are usually in the range 40 - 60pg/m^. Increased ozone levels are found in 
and especially downwind of every major conurbation in the world under certain weather conditions. 
In polluted air in Europe the maximum 1 hour ozone levels may exceed 500pg/m^ in rural areas 
and 350pg/m^ in urban areas (Whitelegg, 1993). Road traffic is responsible for approximately a 
third of hydrocarbon emissions (given off as vapours fi’om petrol) and half the nitrogen dioxide 
emissions in the UK, and is therefore the major contributor to smog. Background levels have 
probably doubled in the northern hemisphere this century as a result of NOx emissions, according to 
the Photochemical Oxidants Review Group (Fergusson, 1993).
Human health effects
Smog irritates the eyes, nose, throat and the mucous membranes o f the respiratory system. Chronic 
heart disease, asthma, bronchitis and emphysema can all be aggravated. Ozone causes headaches, 
coughing, damage to the lungs and reduces resistance to illness (Whitelegg, 1993 ).
Other environmental effects
Ground level (tropospheric ozone) is estimated to contribute 12 per cent to global warming (ERR, 
1989). Ozone also has an effect on vegetation growth and can therefore affect commercial crops.
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International trade and transport systems APPENDIX 2.3
The evolution of international trade (to the level at which it takes place today) is closely linked to 
the history of transport and communications. Coincident with the rise of industrialisation in 
England, there began a period of remarkable reductions in the cost of transport and even more 
remarkable increases in its speed, the amount of goods moved and the number of people who made 
use of transport systems (Adams, 1981). The time/distance relationship within and between nations 
has been progressively reduced in what has been termed ‘earth shrinking’ (Adams, 1981). Figure 
2.3.1 gives an impression of the magnitude of this and also the rate of shrinkage, or time/space 
convergence, by calculating the rate at which any two places have approached each other over time. 
Since the middle of the seventeenth century New York and London have been approaching each 
other at about four and a half hours a year (Adams, 1981). The relationship between developments 
in transport systems and imports of dessert apples and other fruit and vegetable products to Britain 
is discussed in sections 2.4 to 2.5.3.
Figure 2.3.1 Travel time: transatlantic
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Internal transport costs: the direct transport costs to the user APPENDIX 2.4
The price road-users pay for fiiel reflects both the rate of fuel duty and the market price for oil. 
Apart from North America and Luxembourg, the UK had the lowest fiiel price of the OECD 
countries in 1994 (Pucher, 1995) and in this year the UK retail price of fuel was lower than it has 
been for much of the last 40 years (RCEP, 1994).
The UK government has adopted increases in fuel duty as the principal measure for limiting 
increases in carbon dioxide emissions fi*om road transport. The previous (Conservative) government 
increased fuel duty by 10% in March 1993 and by a further 3p a litre (about 10%) in November 
1993, and committed itself to further year-on-year increases in duty of 5% in real terms (RCEP, 
1994). The present (Labour) government has continued this policy*^.
If  1985 is used as a base year (i.e.l985 = 100) then it can be seen that relative to the retail price 
index, the price of oil and petrol fluctuated between 102 and 74 between 1976 and 1985, with an 
average o f 93, and after 1985 the adjusted price fell each year to reach 76 in 1989 (DoT, 1990). 
Figure 1.3.3 in Appendix 1.3 shows the retail price of fuel in real terms between 1950 and 2025. It 
is unlikely that there will be a substantial and lasting increase in the market price of oil in real terms 
before 2020, at the earliest (RCEP, 1994).
Whitelegg (1994) has calculated the costs associated with car travel, between 1965 - 1985, and 
compared this to Personal Disposable Income (PDI) and has shown that PDI increased by almost 50 
per cent, the cost of travelling by rail increased by 20 per cent and bus and coach fares increased by 
50 per cent; but the cost of running a car increased by only 10 per cent (Figure 2.4.1).
Freight transport costs represent about a third of distribution costs on average. The Royal 
Commission on Environmental Pollution have stated that: “The main factor in the overall growth of 
freight transport has been the increase in the average length of freight trips by road. This has largely 
resulted from reductions in the cost of road transport...Expressed as a percentage of sales income, 
distribution costs remained static between 1970 and 1980 and have fallen sharply since 1980” 
(RCEP, 1994).
The completion of the Single Market and the enlargement of the European Union not only gave a 
further stimulus to the movement of goods across frontiers by making it easier for firms to 
centralise production and distribution but also had the direct effect of liberalising road haulage and 
enabled hauliers to reduce their charges for international freight by perhaps a quarter (RCEP, 1994).
18Figure 1.3.3 in Appendix 1.3 shows the retail price of fiiel (between 1950 and 2025) and the effect of increases of 5% 
and 9% a year in fiiel duty between 1995 and 2004.
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Figure 2.4.1 Travel costs 1965 - 1985
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External transport costs APPENDIX 2.5
“Freight transport has been subsidised. In 1994/95 Heavy Goods Vehicles (HGV’s) accounted for £2.8 billion in 
infrastructure costs and between £4.6-6A  billion in ‘external’ social and environmental costs. Tax revenue 
amounted to £3.1 billion or between 49-68 per cent of these costs” (RCEP, 1994).
The items described in Appendix 2.4 are all direct expenditures and should be distinguished from 
the costs which transportation imposes on third parties or on society as a whole. The issues 
discussed in Section 2.3 may be collectively termed external costs i.e. those costs which are not 
paid for by the perpetrator of the actions which caused them. The external environmental, social and 
economic costs of transport are varied and range from being a mere nuisance to being a serious 
health hazard and even lethal. Most of the debate about the external impacts of transport systems 
concerns this category of externalities, particularly the externalities associated with emissions, 
noise, damage to human health, damage to habitat and road traffic accidents (Whitelegg, 1993:127). 
The Royal Commission on Environmental Pollution (RCEP, 1994) have estimated the total 
monetary cost of road transport externalities (Figure 2.5.1). Transport is responsible for between 
£10.9 and £20.5 billion, and road transport between £10 and £18.3 billion, in external 
environmental costs with the external costs of air pollution and climate change estimated at between 
£2.4 and £6 billion and £1.8 and £3.6 billion a year, respectively. In the case of HGV’s revenue 
covers only 49%-68% of the combined cost for infrastructure and environmental costs in 1994/95, 
as shown in Figure 2.5.2. Additionally, the Confederation of British Industry have estimated in 
1989 that congestion ‘costs’ amounted to £15 billion in the UK (RCEP, 1994). Based on the 
information provided by Pearce (1993) and RCEP (1994) the external cost of road transport lies in 
the range £23 - 33 billion.
If these external transport costs were included in the price of goods and services then it is obvious 
that their cost would increase significantly. It is equally true that if the cost of fiiel reflected these 
external costs (i.e. internalised) then car travel would become more expensive and environmentally 
benign modes would become relatively cheap. The external costs of road transport are in fact 
subsidies which constitute distortions in the market: “The main problem, however, is the direct and 
indirect subsidies to private motor transport (both lorries and cars) whereby most external costs are 
borne by society at large and not by the users. People therefore, both as individuals and as 
representatives of corporate bodies, make their location and travel decisions on the basis o f travel 
costs that are artificially low” (James and Pharoah in Roberts, 1992).
“There is little doubt that there is increasing pressure on road transport users (both car users and truck operators) 
to cover the external costs they generate. This pressure comes from a variety of sources and for a variety of 
reasons, among the most important has been a general growth in concern about the environment” (Transport 
Studies Group, 1993).
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Figure 2.5.1 Estimates of the environmental costs of transport systems in 1994/95
lower end of range upper end of range
Air Pollution 2.4 .
1
6.0
Climate Change 1.8 J> (4.6) 3.6 >  (12.9)
Noise and Vibration 1.2 ^
1
5.4 ^
Accidents 5.5 (5.4) 5.5 (5.4)
Total Quantified Environmental Costs 10.9 (10.0) 20.5 (18.3)
* Costs attributable to road transport are shown in parentheses
Source: RCEP, 1994
Figure 2.5.2 Tax revenue from road users in relation to quantified environmental and public 
costs, by vehicle class, 1994/95
£ billion
Cars and IXTVs HGV’s All Vehicles
infrastructure costs 3.7 2.8 6.9
external costs of accidents 3.7 0.9 5.4
other environmental costs 3.5-9.6 0.9-2.7 4.6-12.9
Total environmental costs 10.9-17.0 4.6-6.4 16.9-25.2
revenue 16.6 3.1 20.4
revenue as % of costs 152%-98% 68%-49% 121%-81%
Source: RCEP (1994)
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Recent transport policies APPENDIX 2.6
The primary objective of the Conservative Government’s transport policy was to ‘assist economic 
growth by reducing transport costs’ (DoT, 1991). The traditional approach to transport in the UK 
has had the aim of avoiding or limiting road congestion, based on the policy ofpredict and provide. 
It was assumed that there would be a continuing growth in road traffic, and that a continuous 
programme of building new roads and improving existing roads was required in order to 
accommodate that growth (RCEP, 1994). Road transport has been the only mode of transport for 
which there is a long-term programme of investment set out in government policy statements. It is 
also a field in which public expenditure has risen sharply. In 1994/1995 government expenditure on 
capital schemes on the English trunk road programme was over £2 billion, an increase of more than 
50 per cent in real terms on the level in the 1980’s and the total investment in road infrastructure in 
Britain in 1992/93 was over £4 billion (RCEP, 1994). The size o f the trunk road programme was 
doubled by the 1989 report ‘Roads to Prosperity’ (DoT, 1989b), which was presented as a response 
to sharp increases in road traffic during the 1980’s (RCEP, 1994). The stated objectives of the 
programme were to:
i. assist economic growth by reducing transport costs;
ii. improve the environment by removing through traffic from unsuitable roads in towns and 
villages;
iii. enhance road safety.
The White Paper ‘Roads to Prosperity’ was published by the Department of Transport (DoT, 
1989b) at the same time as the National Road Traffic Forecasts (DoT, 1989; discussed in Appendix 
2.1) but did not explain the road programme’s relationship to those forecasts (RCEP, 1994). The 
National Road Traffic Forecasts assumed that the ‘high’ saturation level of car ownership in 2025 
would be 90 per cent of the population aged 17-74, broadly equivalent to the ratio of 600 cars per 
1,000 people which existed in the USA as a whole in 1990 (RCEP, 1994). The DoT subsequently 
said that the schemes listed in the White Paper were “not intended to cater for all forecast demand 
to 2025 as there will be cases where on economic or environmental grounds it is neither practicable 
or desirable to meet the demand by road building” (DoT, 1991). The Royal Commission on 
Environmental Pollution has examined the extent to which the schemes in the trunk road 
programme would provide for growth in traffic on the scales shown in the 1989 forecasts, and avoid 
congestion (RCEP, 1994). In the absence of analyses by the DoT, the RCEP looked at two studies 
using different approaches, one by Friends o f the Earth (FoE, 1993) and the other carried out by the 
British Roads Federation (BRF, 1994). Figure 2.6.1 shows the results of the FoE study in which, 
even with the additions in capacity supplied by the trunk road programme (DoT, 1991), by 2025 
there would be chronic congestion on all but one of the 29 points of the road and motorway network 
which were considered. To prevent such congestion FoE (1993) determined that on certain sections 
of the motorway up to ten lanes in each direction would be required. The FoE study also calculated 
that, in 8 out of the 11 existing widening schemes, a return to the pre-widening congestion levels 
would occur by 2000 (RCEP, 1994).
The BRF (1994) study looked at the effect of various level of expenditure on the trunk roads 
programme on congestion in the period up to 2010. the results were:
i. if expenditure decreased by 50 per cent congestion would increase by 23 per cent and average 
speeds fall by 9 per cent;
ii. if expenditure remained the same as at present congestion would increase by 14 per cent and 
average speeds fall by 5 per cent;
iii. even if expenditure increased by 50 per cent congestion would still increase by 7 per cent and 
average speeds fall by 3 per cent.
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These two studies show clearly that, if the past trend of road traffic growth were to continue, a 
programme of road building and road widening would not prevent a serious worsening of 
congestion on the trunk road network as a whole after 2000 (RCEP, 1994). The FoE study indicates 
that the present programme would not even come near meeting the White Paper’s primary aim, 
which was to eliminate peak hour congestion on motorways. To provide enough capacity to prevent 
a serious worsening of congestion would require a very large increase in expenditure on the trunk 
road programme (substantially more than a 50 % increase, according to the BRF study) over and 
above the large increases which have already occurred (RCEP, 1994).
The Council for the Protection of Rural England (CPRE, 1993) have estimated that, following the 
addition of 12,500 miles of new lanes on the trunk and local road network by 2000, another 1,700 
miles of new lanes would have to be added each year between 2000 and 2025, a total of 42,000 
miles of additional lanes. “This would be a more rapid rate of road construction than ever achieved 
up to now in the UK. It is an obviously unrealistic scenario, even if it were acceptable in 
environmental terms” (RCEP, 1994).
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Figure 2.6.1 Congestion on motorways to 2025 if traffic grows as forecast in 1989
1990 2000
National traffic census points
0  ch ron ic  congestion  
0  peak hour congestion  
O  po in ts not expe rienc ing  congestion
Source: RCEP (1994)
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The Royal Commission on Environmental Pollution also questioned the fundamental assumption, in 
the National Road Traffic Forecasts (DoT, 1989), that the level of road traffic is not affected by the 
capacity of the road network:
“There is a strong case for believing that the extension and improvement o f the road network leads to an increase 
in the total amount of road traffic, as distinct from redistributing a predetermined amount of traffic onto the new 
and improved roads. This is because it becomes attractive to make more trips and longer trips. The DOT’s view 
has been that any effect the road programme has in generating additional traffic is o f minor importance. The DOT 
sought advice on the issue from the Standing Advisory Committee on Trunk Road Assessment (SACTRA), whose 
report has been submitted but not published” (RCEP, 1994).
The SACTRA report was published in December 1994 and was another blow to the DoT modelling 
techniques and policies o f forecasting and road building. The SACTRA report confirmed that new 
roads can and do generate new traffic and the DoT has accepted these finding (Joseph, 1995). 
SACTRA’s main conclusions were:
1. “induced (or generated) traffic can and does occur, probably quite extensively, though its size 
and significance is likely to vary widely in different circumstances.”
2. induced traffic does have a significance: “...the economic value of a scheme can be 
overestimated by the omission of even a small amount of induced traffic.”
3. induced traffic matters most where the road network is, or will be, close to capacity; where road 
users responsiveness to changes in travel time is high; or where a new road causes large changes 
in travel costs.
The Royal Commission on Environmental Pollution’s Eighteenth Report includes detailed analysis 
of travel trends, their impact on the environment and over a hundred recommendations for transport 
policy (RCEP, 1994). The Commission is committed to eight core objectives'^ :
A. To ensure that an effective transport policy at all levels of government is integrated with land use 
policy^® and gives priority to minimising the need for transport and increasing the proportions of 
trips made by environmentally less damaging modes.
B. To achieve standards of air quality that will prevent damage to human health and the 
environment.
C. To improve the quality o f life, particularly in towns and cities, by reducing the dominance of 
cars and lorries and providing alternative means of access.
D. To increase the proportions of personal travel and fi'eight transport by environmentally less 
damaging modes and to make the best use of existing infi*astructure.
E. To halt any loss of land to transport infrastructure in areas of conservation, cultural, scenic or 
amenity value unless the use of the land for that purpose has been shown to be the best 
practicable environmental option.
F. To reduce substantially the demands which transport infrastructure and the vehicle industry place 
on non-renewable materials.
G. To reduce noise nuisance from transport.
Strategies to reduce the environmental impacts of transport, including the proposals of the RCEP (1994) are discussed 
in section 2.10 and Appendix 2.7.
The Integration Principle is discussed in Appendix 1.3 (Figure 1.3.1).
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The Royal Commission on Environmental Pollution proposes changes Avhich v i^ll result in a shift 
fi'om road transport to less environmentally-damaging modes by identifying specific quantified 
targets for moving towards these objectives, for example: to improve quality o f life by reducing the 
proportion of urban journeys made by car to under 50% by 2020 by proposing a host of measures 
are such as parking control, more bus lanes and better cycling facilities. As well as a modal shift the 
RCEP (1994) also propose a fundamental reduction in demand for transport and mobility:
‘The aim of future planning policies must be to reduce the need for movement. This will involve a gradual shift 
away fi-om lifestyles which depend on high mobility and the intensive use o f cars. These changes in direction 
provide the essential foundation for a sustainable transport policy, and will make it possible for the economy to 
develop in ways which are compatible with preservation of the environment’ (RCEP, 1994).
The two planning policy guidance (PPG) notes which relate to private car transport and retailing are 
PPG 6 and PPG 13. In March 1994 the revised Planning Policy Guidance 13 (PPG13) was 
published. PPG’s are a means of communicating government policy to local authorities. PPG 13 
received extra attention because the new guidance was the first manifestation of Government 
thinking about ‘sustainability’ following on from the White Paper on Sustainable Development. 
PPG13 advises how local authorities should integrate transport and land-use planning and 
emphasises the need to reduce growth in the number and length of motorised journeys, encourage 
more environmentally friendly means of travel and reduce reliance on the private car (RCEP, 1994). 
The specific measures which are advocated are broadly consistent with those which were endorsed 
by the Royal Commission on Environmental Pollution (RCEP, 1994). ‘PPG13 rightly recognises 
that, although the number of new developments each year is relatively small, they contribute to 
patterns that will endure long into the future and therefore have potential to influence the long-term 
effectiveness of policies to reduce the environmental effects of transport’ (RCEP, 1994).
PPG 6 is concerned with ‘Town Centres and Retail Developments’ and has been revised three times 
since 1988 with the latest version which was issues in June 1996 having the following aims:
• to sustain and enhance the vitality and viability o f town centres by promoting town centre retail 
developments rather than out-of- or edge-of-town retailing;
• in proposing out-of-centre developments the onus will be on the developer to demonstrate that 
all town centre options have been considered;
• locating retail outlets in positions where access is possible without a car and therefore to 
maintain and improve the option for people to walk, cycle or use public transport;
• to promote sustainable development;
The conclusions of these official reports made the continuation o f traditional road building transport 
policies untenable and stimulated a shift away from ‘supply-led’ road building transport policies 
(‘predict and provide’) to ones o f ‘demand management’ (Potter, 1995). The Royal Commission on 
Environmental Pollution has concluded that:
“The inability of any foreseeable trunk road programme to cope with the forecast growth in traffic destroys the 
rationale o f the ‘predict and provide’ perspective. In its Sustainable Development Strategy for the UK the 
government has distanced itself from this approach and accepted that, if  present trends continue, the resulting 
traffic growth would have unacceptable consequences for both the environment and the economy of certain parts 
of the country. It has also accepted the need for government measures to influence the overall levels o f traffic 
growth” (RCEP, 1994).
In May 1996 the Conservative Government responded to these reports including that o f the RCEP 
(1994) and also the national ‘transport debate’ initiated by Brian Malwhinney by publishing a Green 
Paper ‘Transport: the Way Forward’. The Green Paper highlighted the dilemma o f road transport: 
on the one hand the advantages it can bring about, on the other, the environmental damage it causes. 
Change was proposed in the form of a new approach to transport policy that was not led by road
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building (DETR, 1998). The Green Paper highlighted several key themes following the national 
transport debate and the official reports published in 1994:
• the growing public awareness of the impacts of traffic growth and the need to reduce these 
impacts;
• the divergence in views about how to promote sustainable development;
• concerns about the prospect of increased congestion;
• making more efficient use of existing infrastructure instead of building new roads;
• reducing dependence on the car and switching emphasis in spending from roads to public 
transport;
• encouraging alternatives to road freight.
In July 1998 John Prescott presented the Labour Governments White Paper for transport policy ‘A 
new deal for transport: better for everyone’ which aimed to ‘build on the Green Paper of 1996’ and 
the two reports by the RCEP which provided a ‘consensus for radical change in transport policy’ 
(DETR, 1998). The main aim of the paper was to develop an integrated transport policy in which 
there is integration within and between different types o f transport system and also between 
transport and the environment and land use planning (DETR, 1998). This is to be achieved by:
• allowing new income-streams for local authorities to tackle pollution and congestion by levying 
charges for driving into town centres and for workplace parking. This means that dedicated 
income streams can be used to improve public transport including bus services, which is a form 
of hypothecation;
• establishing a Strategic Rail Authority and a Commission for Integrated Transport;
• Local Transport Plans.
The Government aims, by placing restrictions on the location o f development, to influence the 
overall levels of car travel and PPG 13 (DoE, 1994) is designed to reduce the need to travel and 
reduce reliance on the car. PPG 13 is a major step towards planning land uses and transport together 
(DETR, 1998). The Transport White Paper (DETR, 1998) addressed two aspects of the 
transportation associated with food retailing:
• the Government stated the desire to shift distribution from road to rail, coastal shipping and 
inland waterways;
• as in PPG 6 and 13 to reduce levels of car use and implement targets to reverse the trends for 
walking, cycling and the use of public transport;
In terms of food distribution and food shopping there are significant problems associated with the 
modal shifts proposed in Transport White Paper and the reduction in demand for car journeys. The 
most fundamental barrier to achieving these goals is the locational policy of the multiple retailers:
• almost all Regional Distribution Centres are located for ease of access to the motorway network 
and are not connected to the rail freight network;
• the majority of superstores have been built at edge of town sites or outside town and city centres 
and the programme of development at these sites is virtually complete. These developments have 
been designed primarily for access by car and not by bike, bus or on foot.
These issues are discussed in Appendix 2.7 and in relation to the empirical results in Chapter 4.
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Strategies to reduce the environmental impact of transport APPENDIX 2.7
In this Appendix the following transport policies, that have either been approved or rejected by the 
RCEP (1994) and the government in the Transport White Paper (DETR, 1998), are discussed:
1. letting congestion find its own level;
ii. predict and provide;
iii. selling road space;
iv. relying on technology;
V. a modal shift;
vi. greening the way we live: local production and distribution systems.
L Letting congestion find its own level
The first o f the six perspectives listed above is based on two assumptions: that congestion is an 
inescapable feature of road traffic, and it is ultimately self-regulating. ‘The approach to transport 
policy which follows logically fi'om these assumptions is that congestion should be left to find its 
own level, government action to influence the demand for travel would be inappropriate and 
unnecessary, and governments would take only limited action to provide facilities for additional 
travel’ (RCEP, 1994).
There are several reasons why this approach is unacceptable. From an economic perspective 
congestion disrupts the movement of goods and has been estimated by the Confederation of British 
Industry (1989) to cost the UK economy £15 billion a year. From the point of view of land-use, 
congestion in one area may encourage development in a ‘less’ congested area. “ ‘Edge cities’ in the 
USA provide a vivid example of the drive to escape congestion. Business centres have grown up at 
road junctions in open country in many parts of the USA. When an edge city becomes large enough 
to generate its own congestion at the morning and evening peaks, it loses its attraction, further 
development tends to slow to a halt, and a new edge city may be developed elsewhere” (RCEP, 
1994).
The more immediate consequences of a transport policy based on this approach are that fuel 
efficiency is reduced and emissions increase in the stop-start conditions (in congested areas), thus 
increasing the environmental impact of a journey. In addition to cars and lorries, public transport 
such as buses and the emergency services are also affected when a route is congested.
Letting congestion find its own level would cause irreversible damage to both urban and rural areas, 
could result in grid lock in large sections of the road network, and would ultimately have the effect 
of reinforcing car dependent lifestyles (RCEP, 1994; DETR, 1998).
2. Predict and Provide
The inability o f any foreseeable trunk road programme to cope with the forecast growth in traffic 
destroys the rationale of the ‘predict and provide’ perspective (as discussed in Appendix 2.6) which 
is now ‘discredited’ (RCEP, 1994). The Transport White Paper (DETR, 1998) confirms this: ‘The 
days of predict and provide are over - we will give top priority to improving the maintenance and 
management of existing roads before building new ones.’
5. Controls on road transport
“The fact is that if  people have a choice, they continue to find the car hard to beat for comfort and 
convenience at a bearable price. The only way around this is to raise the price o f motoring or to lower the 
price of public transport, or both. Numerous studies world-wide have shown that car users are price 
sensitive to a degree, and that if  offered a sufficiently attractive package they will respond” (Hall, 1992).
2 7 4 4
Increasing fuel prices
A duty is already charged on fuel for road vehicles. The revenue from this duty at its present level 
is, however, not large enough to cover both that part of infrastructure costs not covered by revenue 
from vehicle excise duty, and the environmental and social costs of road transport; and for HGV’s 
the revenue falls well short of covering even the quantified environmental costs^ (RCEP, 1994). 
Significantly, the cost of fuel in the distribution costs of road freight have fallen over the last few 
decades, as discussed earlier. The Royal Commission on Environmental Pollution have highlighted 
three reasons why increasing levels of fuel duty would be the most advantageous economic 
instrument for influencing transport patterns:
i. the amount of tax paid varies with the environmental costs;
ii. it is simple to administer;
iii. road users have discretion about how to respond: e.g. reducing the number and length of 
journeys or switching to a smaller vehicle.
A study carried out for the European Federation for Transport and the Environment estimated that 
most European countries would have to more than double taxes on petrol and diesel in order to 
reflect the external costs of road transport (RCEP, 1994). The Netherlands introduced an 
environmental component of about 6 pence per litre on petrol taxes in 1990, and both Sweden and 
Norway have followed suit. The EU has also thought o f the transport sector when proposing 
carbon/energy taxes throughout the Community (Weizsacker, 1994). Proposals have been put 
forward in Germany for large increases in fuel prices and the Environment Minister has suggested a 
staged doubling in real terms following a Parliamentary Commission which recommended that a 
fuel price of DM2.28 per litre (equivalent to about £1 per litre, compared to 58.6 pence per litre in
1993) would be desirable in 2005, but only on the basis that parallel moves are made in other EC 
countries (RCEP, 1994).
It has been claimed that owing to the low elasticity of petrol demand, increases in fuel price would 
not have a significant effect on transport patterns and per capita fiiel consumption. As Weizsacker 
(1994) explains: Tt is generally believed that the price elasticity is very low in relation to people’s 
use of their cars and automobile technology. People get angry at petrol price increases but they 
don’t change their driving habits.’ In doing so they usually take into account the short term 
elasticity only and over a longer period users have more scope to change their patterns of travel and 
choose more fuel-efficient vehicles and driving styles, and manufacturers have more scope to 
develop and market more fuel efficient vehicles (RCEP, 1994).
Long-term elasticities are more difficult to measure, but international comparison can serve as a 
first approximation to an empirical measurement of long-term price elasticity. Weizsacker (1994) 
has demonstrated this by showing a strong negative correlation between real fiiel price and fuel use 
per head. Other factors, particularly disparities in income, explained some of the differences 
between countries but fuel prices were considered to have had a significant influence on 
consumption. Goodwin (1992) has estimated that in the long run a 10 per cent increase in fuel 
prices might result in a 7 per cent fall in the amount of petrol used. For road freight, studies suggest 
that the long-term effects are similar to those for car use (RCEP, 1994).
The impact of higher fuel price or a carbon tax on freight transport has been noted by several 
sources including the Transport Studies Group of the University of Westminster which has made 
the following comments:
“(The large expected increase) in freight vehicle-kilometres is largely due to the relatively low cost o f road freight 
transport in comparison with costs such as storage and warehousing.....Concem about the use o f energy, in 
transport as well as other areas, could lead to increased taxes on fuel (a carbon tax for example). Road haulage
 ^As discussed in Appendix 2.5 and shown in Figures 2.5.1 and 2.5.2.
prices would rise if  fuel taxes were sharply increased as fuel, typically, accounts for between 20 and 30 per cent of 
total lony operating costs. This in turn could have an impact on logistics strategy. Specifically, i f  an allowance is 
made for external costs (in the form of higher transport costs) the trend to centralisation is economically less 
favourable" (Transport Studies Group, 1993).
The Royal Commission on Environmental Pollution have recommended that fiiel duty be increased 
year by year so as to double the price of fuel, relative to the prices of other goods, by 2005, which 
would require a 9 per cent annual increase in fuel duty (RCEP, 1994). The Commission have 
advocated a 20 per cent reduction in carbon dioxide emissions from surface transport between 1990 
and 2020 and have estimated that this 9 per cent annual increase in fiiel price would be sufficient to 
achieve this, but would need to be monitored^ (RCEP, 1994).
Another factor when considering a modal shift is the accessibility, comfort, reliability and cost of 
public transport (and rail and water transport in the case o f freight) compared to those of car and 
road freight transport. As Jacobs indicates: ‘the need to reduce petrol consumption is evident. One 
option is to make vehicle use more expensive (by raising fuel prices, and perhaps by electronic road 
pricing) and more difficult (for example through parking restrictions, lower speed limits, fuel 
efficiency laws and ‘traffic-calming’ measures in cities). But at the same time motorists have to be 
given alternatives’ (Jacobs, 1993).
The main purpose of raising fiiel prices, in the form of a carbon tax or ecological tax reform, is to 
reflect the true cost of transport, and therefore to internalise those social and environmental costs 
which are at present described as external. In this way environmentally damaging modes of 
transport become relatively more expensive than those which are less damaging. New systems of 
production and distribution, which are less transport-intensive, would also evolve because in the 
‘new economic environment’ they are can compete with transport-intensive production and 
distribution systems. Reducing transport demand by developing new sourcing and distribution 
systems will be discussed in section 6 of this Appendix and the option of a modal shift (which is the 
preferred option of the DETR, 1998) is discussed in section 4.
Road Pricing
Although originally proposed as a solution to congestion, road pricing could also be used as a 
method of reducing road traffic for environmental reasons or, in principle, as another way of 
ensuring that road users make payments which reflect the costs of the damage they cause to the 
environment, and other social costs that they impose (RCEP, 1994). Charging is also one option to 
encourage a shift to less environmentally-damaging forms o f transport, by making rail and public 
transport, for passengers and freight, more attractive and more competitive. Road pricing is also 
attractive because it can be applied on a local basis and the rates of charges can be adjusted.
One problem of road pricing is that drivers not wanting to pay for road use could take another route 
and if this alternative route is longer, then more fuel will be consumed, resulting in more pollution. 
Additionally, damage may be caused to areas which were not previously affected by heavy traffic, 
especially in the case of HGV’s.
Charges related to ‘distance travelled’ have been used hitherto only for HGV’s, for which they can 
be varied to reflect the weight or the capacity of an individual vehicle. Sweden, for example, 
charges a tax on tonne-kilometres which currently recovers around 50 per cent of HGV’s marginal 
social costs (RCEP, 1994). Charging by capacity would give operators the incentive to reduce
These issues are discussed in Appendix 1.3. The conclusion was that alternatives to transport intensive activities and
sourcing and distribution systems would need to be provided as well as increasing transport costs. This is often termed
a ‘carrot and stick’ approach to transport policy. Providing alternatives increases the elasticity of petrol demand. The
‘alternatives’ that are considered in this Appendix and in Chapter 4 (when the empirical data of this analysis are
considered) are a modal shift (to less environmentally-damaging modes of transport) and local sourcing of fresh
produce (in which case transport demand is minimised). ^  ^  .
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empty or part-load running, and again the competitive position of waterborne and rail freight would 
obviously improve (RCEP, 1994). Total demand should fall, or at least be restrained, because it 
would become less attractive to service the country from a few depots (RCEP, 1994) which would 
discourage centralisation. The effect would be felt most keenly on long trunk hauls (RCEP, 1994).
4, A modal shift: environmentally benign freight transport and mobility
When personal travel is considered (which in this study means shopping trips), walking and cycling 
require no energy input in the form of fossil fuels. Nutritional energy is required, and energy is 
expended but both walking and cycling are beneficial in terms of health and fitness levels. For those 
journeys which it is impracticable to make on foot or by cycle, use of public transport rather than 
cars has been advocated for environmental reasons^ (RCEP, 1994). The primary reason is that 
public transport is more energy efficient, and when powered by electricity has advantages over cars 
in terms of local air quality levels, as shown in Appendix 3.6.
“Private, non-motorised and environmentally benign modes o f transport such as ivalking and cycling should be 
encouraged. In the UK 41 per cent o f all urban car journeys are under 5 kilometres: many of these are clearly 
unnecessary. But again public investment is needed to making walking and cycling safe and convenient, 
particularly by means of cycle lanes and measures to calm and remove traffic from urban streets” (Jacobs, 1993).
The technical means o f providing cheap, quick and comfortable public transport systems are not in 
dispute. They include improved bus services and dedicated bus lanes, light railway and tram 
systems for commuters and shoppers in towns and cities; and the expansion (and reduction in price) 
of inter-city rail services for long-distance travellers. A precondition for individual choice is that 
there should be an alternative to the car in those journeys which it is impracticable to make on foot 
or on bicycle (RCEP, 1994).
The energy consumption of various methods of freight transport are listed in Figure 2.2. On the 
basis that carrying freight by rail, inland waterway, or coastal shipping is more energy efficient and 
environmentally less damaging than carrying it by road, the aim would be a shift from road freight 
distribution to these alternatives modes (RCEP, 1994). Therefore a proportion of freight could be 
shifted to rail and water if new rail freight lines, improved signalling systems and trans-shipment 
points (where cargoes would be switched to fight vans for local delivery) were established. But such 
systems cannot be achieved without substantial government investment in the transport 
infrastructure, and in many cases continuing subsidy (Jacobs, 1993). The feasibility of a modal shift 
in passenger and freight transport away from road transport will be assessed, using the empirical 
data obtained in this study, in Chapter 4.
An assessment of the relative energy efficiency o f different transport modes can be made by 
comparing their shares of energy consumption with their shares of movement o f people and goods. 
Road, rail and water used respectively 94%, 2.4% and 3.5% of the energy consumption of surface 
transport in the UK in 1993. In contrast their shares of net mass movement were 69% by road, 7.5% 
by rail and 24% for water (RCEP, 1994). The relative energy efficiency o f different transport modes 
is however dependent upon occupancy (public transport) or load rate (freight) and in the case of the 
former a more frequent service may result in low occupancy at certain times of the day. Population 
density and patterns of development are also important factors when considering public transport 
systems.
The Royal Commission on Environmental Pollution (RCEP, 1994) have made the following 
recommendations:
i. to increase the proportion of passenger-kilometres carried by public transport from 12% in 1993 
to 20% in 2005 and 30% in 2020;
See Figures 2.2,2.3 and 2.4 and the discussion in sections 2.3 to 2.3.3 in Chapter 2.
ii. to increase the proportion of tonne-kilometres carried by rail from 6.5% in 1993 to 10% by 2000 
and 20% by 2010;
iii. to increase the proportion of tonne-kilometres carried by water from 25% in 1993 to 30% by 
2000 and at least maintain that share thereafter.
If pipelines retain 5% share, achievement of these targets would reduce the proportion of freight by 
road from 63% in 1993 to 55% in 2000 and 45% by 2020, a reduction of only 18% over 27 years!
5. Technological Progress
There are three broad areas in which technological progress could influence transportation (RCEP, 
1994):
i. it could lead to the emergence of new modes of transport which would displace existing modes;
ii. it could take telecommunications to a level of sophistication which would substantially reduce 
the demand for transport;
iii. it could make existing modes of transport less damaging to the environment.
It is (i) and (iii) which will be discussed here. Magnetically levitated (maglev) surface vehicles 
using superconducting magnets and linear motors, which eliminates rolling resistance from wheels 
on track and can travel at speeds up to 400kmph, are being developed in some countries (RCEP, 
1994). Although these high speed ‘trains’ are more efficient than air travel, raising their speed 
carries an energy penalty (for a given design of train covering a given distance, the energy required 
to overcome air resistance increases as the square of the velocity). Whereas at low speed energy 
requirements are determined primarily by the weight of a train and rolling resistance on the track, 
overcoming air resistance uses about two-thirds of the energy required at lOOkmph and about 90% 
at 200kmph. Travelling at 400kmph would have an even higher energy requirement (RCEP, 1994). 
‘In order to achieve high speeds these modes of transport will have to use substantially more energy 
than present-day trains or aircraft, and in that respect will be more damaging to the environment’ 
(RCEP, 1994).
As to the third direction for technological development, considerable effort is being devoted to 
developing alternative methods of propelling road vehicles of broadly the present types, but there has 
been little tangible progress so far. The Royal Commission on Environmental Pollution have 
concluded that some form  o f the combustion engine, similar to those used at present, is likely to 
remain the dominant form  o f motive power until at least 2020, and probably much longer (RCEP, 
1994).
Transport is, and in the next few decades will continue to he, dominated by the technology which 
has been developed around the internal combustion engine. Much of the focus is therefore on 
improvements in fuel efficiency and reducing air emissions. Fuel consumption is closely related to 
engine size, and a two litre petrol engine typically uses nearly 50 per cent more fuel than a 1 litre 
one. Average fuel consumption of petrol vehicles has fallen over the last twenty years but in the 
case of heavy goods vehicles has increased (Whitelegg, 1993). The average fuel consumption of 
new cars registered in the UK fell by about 20% between 1978 and 1987, but subsequently, despite 
the claims of the vehicle manufacturers, it has risen and in 1993 was worse than it was in 1984 
(RCEP, 1994).
Diesel engines have many advantages over petrol engines in terms of fuel efficiency and hence 
carbon dioxide emissions, especially at lower speeds. In a test using a petrol and a diesel VW Golf 
car (over the same distance and in the same conditions) the diesel car saved at least 34 per cent fuel 
by volume under all conditions and in areas of dense traffic the saving was 40 per cent (RCEP, 
1994). Diesel engines, however, emit carcinogenic particulate matter and also sulphur dioxide. 
Therefore, a switch to diesel and downward pressure on engine size may bring some environmental
benefits but neither is a complete solution, especially if  traffic volumes increase as expected 
(Whitelegg, 1993).
The catalytic converter offers impressive reductions in carbon monoxide, hydrocarbons and 
nitrogen oxides emissions (75-90 %) but results in an increase in fuel consumption and carbon 
dioxide emissions of 9 per cent (RCEP, 1994). Other problems include low efficiency at low 
temperatures (i.e. short journeys characteristic o f urban areas). This is a serious limitation of 
catalytic converters, in that they operate only after they have reached a certain temperature. When 
an engine has been started fi’om cold, and emissions are at their highest, the exhaust gases take 
some time to reach this temperature, and they may fall below it again if the engine is idling (RCEP,
1994). A high proportion of car trips are too short for the catalytic converter to achieve efficient 
operation: a study of Germany, France and Britain found that 47-48% of trips were less than 3km 
and 20-22% were less than 1km (RCEP, 1994). Additionally, there is uncertainty about efficient 
operation over the life of the vehicle and the problem of disposal of the used product and health 
effects of the rare metals in the catalyst itself. It has been estimated that every car fitted with a 
catalytic converter emits 5*10^^ atoms of platinum per mile, which give rise to dangerous fi*ee 
radicals on inhalation (Whitelegg, 1993).
To summarise:
a) road transport will be based on some form o f the internal combustion engine for at least the next 
two decades;
b) improving fiiel efficiency and fitting catalytic converters provide some environmental benefits, 
but there are drawbacks in that these advantages are not observed during short car journeys, in 
the stop-start conditions o f built-up areas and when traffic is congested.
c) if the present trend continues, and total car and lorry traffic increases, then any benefits related to 
improving fuel efficiency and fitting catalytic converters will be cancelled out.
d) in the last twenty years the fiiel efficiency of heavy goods vehicles has deteriorated. Additionally 
catalytic converters cannot be fitted to diesel vehicles.
Whitelegg (1993) points out that Tt is more convenient for everyone to continue to behave in very 
much the same way as in the past, allowing technology to give us clean cars and clean power 
stations and maybe substituting renewable energy for fossil fuel energy here and there, than it is to 
move to significantly lower levels of per capita consumption of energy, transport and manufactured 
goods.’ Whitelegg (1993) continues: ‘The illusion (o f ‘green growth’ and sustainability) lies in the 
abstraction of small parts of a much larger reality and its reduction to small technical problems. 
Cars, transport and the environment highlight the illusion more than most sectors o f the economy. 
The conversion of a vehicle to lead-free petrol or the fitting of a catalytic converter do not render 
vehicles ‘green’. The centre of the ‘green growth’ illusion and much of the sustainability argument 
is that it does, when in fact these ‘solutions’ are no more than palliative. Just as there is (as yet) no 
such thing as a ‘green’ car there is no such thing as ‘green growth’.’ In terms o f transport 
infrastructure, it is important to recognise the direct environmental impact at the location of the 
construction, at the source of the construction materials and the transportation of the materials to the 
construction site. For each kilometre of six lane motorway 100,000 tonnes of aggregate is required 
or approximately 5,000 lorry loads (OU, 1993). The extraction process for aggregates is itself 
energy-intensive and the sites for quarrying, especially in the South-East, are becoming scarce, 
which results in the transportation from quarries in Somerset, the north of England and the north­
west of Scotland, as well as imports.
Whitelegg takes a holistic, life-cycle perspective when considering road transport and issues such as 
lead free petrol, catalytic converters and electric vehicles: ‘when looking at technological solutions 
to individual problems it is important not to overlook the overwhelming evidence that the car itself 
is a major environmental problem. It consumes vast amounts of energy in its manufacture, is only 
used only 5% of the time and when in use is occupied by an average of 1.2 people. It creates
enormous problems of waste disposal which are particularly serious for tyres, exhaust systems and 
batteries, and initiates environmental damage on an enormous scale in the provision of roads, car 
parks and developments (e.g. out-of town shopping centres) which generate even more cars 
(Whitelegg, 1993). Some car motors are more efficient today than twenty years ago, but the 
increase in the numbers of cars; in their speed and power; and kilometres driven has long cancelled 
out any environmental gain (Sachs, 1995).
6. Localisation: minimising transport intensity by improving accessibility
These points lead on to the final perspective on transport that was considered by the Royal 
Commission on Environmental Pollution, described as ‘greening the way we live’ (RCEP, 1994). 
The following areas were considered by the RCEP:
i. car use is related to ‘lifestyle’ choices, and the trends discussed in chapter 2 show that over the 
last forty years personal mobility has increased significantly. The frequency, distances and 
proportion of journeys travelled by car to work, for shopping and leisure purposes, have all 
increased and so has the energy consumption and pollution related to these lifestyle changes. 
Some of the reasons put forward by the RCEP (1994) for these increases in car use are that: work 
has become more flexible and decentralised; children are driven to school; and large out-of-town 
shopping centres have been developed. These changes in lifestyle can be regarded as a response to 
the greater opportunities for mobility; conversely such changes have increased car dependency 
(RCEP, 1994).
ii. these trends could be reversed as a result of initiatives by local communities in which the 
inhabitants become as self-sufficient as possible, in both urban and rural areas, and therefore 
reduce the energy consumption involved in moving goods and people. “A central feature of the 
self-sufficient lifestyle is the possibility for any able bodied-person to make all everyday journeys 
within the neighbourhood on foot or by cycle combined with a delivery service.” Several 
examples are then provided by the RCEP (1994) of cities which have developed “green” transport 
policies.
The discussion and argument put forward by the Royal Commission on Environmental Pollution 
(and the DETR in the Transport White Paper of 1998) for this option is neither comprehensive nor 
in-depth compared to the other five proposals. The authors consider only a few examples, some 
very obscure, out of a large literature which covers local production and distribution systems, 
alternatives to the car, substituting ‘near’ for ‘far’ when sourcing, and meeting local needs from 
local human and natural resources. One reason for this may be that despite the claims of the ‘green 
movement’ over the last three decades of the environmental benefits of local production and 
distribution systems, there have been few empirical analyses which have tested this proposal.
The RCEP (1994) concentrated on personal mobility and considered one of the causes for increased 
personal mobility, large out-of-town superstores and shopping centres, but did not provide examples 
of alternative forms of sourcing, distribution, retailing and shopping in which transportation is 
minimised. There was no insight into the changes in production and distribution and retailing 
systems which have resulted in increases in transport demand i.e. global sourcing, centralisation, 
and just-in-time production and distribution systems, on which the multiple retailers are dependent. 
The potential, therefore, for assessing alternative systems of production and distribution which 
minimise transport demand is overlooked. The issues relating to freight transport are considered in a 
later chapter of the RCEP report, the conclusion to which begins:
“Much of the volume and nature of freight transport is unavoidable in a consumer society....Any substantial 
reduction in the overall environmental impact of freight transport must depend, first, on finding ways of 
maintaining and enhancing economic well-being...li the overall demand for freight transport continues to keep
In this thesis this is one of the main aims, as outlined in Chapter 1.
pace with growth in GDP, it might be expected to grow at about 20% a decade....We believe that a sustainable 
transport policy would be based on growth o f no more than 10% a decade in the overall demand for freight 
transport over the next 30 years....That need not entail a reduction in economic activity"" (RCEP, 1994).
The Commission recommend that the modal share of road fi’eight should be reduced fi’om 63% to 
45% between 1993 and 2020. If  demand for road jfreight increases at 20% a decade then over the 
same period the volume of road fi'eight will increase from 135 to 157 billion tonne-kilometres, 
despite the reduction in modal share. I f  demand increases at a ‘sustainable’ 10% then the volume of 
road freight will fall by 9% to 123 billion tonne-kilometres in 2020 (RCEP, 1994).
In the recent Transport White Paper (DETR, 1998) the government have said that they “will work 
in partnership with industry to promote sustainable distribution. By this we mean improving the 
efficiency o f the distribution market.” The White Paper then gives examples of the potential for 
more efficient road freight distribution by reducing the proportion of empty-running lorries by 
Tesco, improving the fuel efficiency o f lorries, better route planning, the use of vehicles powered by 
natural gas and shifting lorry traffic away from the morning and afternoon peak hours to alleviate 
congestion. One of the main objectives o f the ‘New Deal for Transport’ is a modal shift, as in the 
RCEP report, to encourage rail freight as a way of reducing lorry pollution and congestion, and to 
facilitate shipping as an efficient and environmentally friendly means of carrying international trade 
and making better use of coastal shipping and inland waterways (DETR, 1998). In fact the White 
Paper indicates that ‘there may be potential to divert about 3.5% of the UK’s road freight to water’.
No targets are set in the White Paper (DETR, 1998) for either modal transfers to rail and water or a 
reduction in road freight distribution and there is no analysis of sourcing and distribution systems 
which could highlight areas in which freight transport could be avoided while at the same time 
meeting the needs of the consumer.
These points highlight important issues when transport, sustainable development and economic 
activity are considered. In this dissertation I propose that there are essentially two approaches to 
transport policy:
i. The first approach which is advocated by the Royal Commission on Environmental Pollution 
(RCEP, 1994) and in the Transport White Paper (DETR, 1998) is one in which the objective is to 
either stabilise present levels o f transport demand or slow the growth in demand for transport 
which has been observed over recent decades. It is road transportation in particular which is 
targeted, because it is this sector which has seen the largest increases and is the one which is the 
most environmentally damaging. The main recommendations are aimed at achieving a modal shift 
from road freight transport and car use to the use of rail and water freight transport systems and 
public transport, respectively. In this approach the transport sector as a whole is assessed and the 
analysis does not look at the fundamental reasons for transport demand (i.e. the issue o f scale 
within both production and marketing; the spatial distribution within production and distribution 
systems; global sourcing; the logistical systems o f manufacturers and retailers; and retail 
locational policies and the connections between these aspects). Therefore, alternatives, such as 
different production, distribution and marketing systems, in which the demand for all forms of 
transportation is minimised, are not assessed. For example, neither the DETR (1998) nor the 
RCEP (1994) consider the environmental burdens that could be avoided if levels of international 
freight transport, centralised distribution and car use were reduced by localising economic activity 
(which in terms of this analysis means local food production and distribution). In terms of 
transport and sustainable development, in the analysis by the RCEP (1994) and DETR (1998) 
‘sustainable transport’ is a phrase that is used throughout both reports, but is never defined; nor are 
mechanisms introduced by which the ‘sustainability o f transport’ could be measured.
ii. In the second approach the aim is to minimise the demand for transport and, therefore, to 
minimise the environmental burdens associated with the movement of people and the goods which 
they require. Rather than considering the transport sector as a whole and in isolation, the analysis
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considers all possibilities for meeting a specific human need (in the form of a means/end analysis) 
and the transport demand associated with each option is determined. The option for meeting this 
(basic) ‘need’ in which the environmental impacts are minimised can then be described as being 
the most environmentally sustainable.
In the quote above the Royal Commission on Environmental Pollution claim that present levels of 
freight transport are largely ‘unavoidable’ and that any changes in transport policy should not affect 
‘economic well-being’ or reduce ‘economic activity’. It is true that high levels o f international trade 
by plane road and ship, road fi*eight distribution in Britain and car use now exist. This is because the 
predominant food production, sourcing and distribution systems at present are transport-intensive 
and the external environmental and social costs are not considered in economic theory or policy. 
Additionally, because the predominant sourcing and distribution systems (and related patterns of 
land use) which have evolved in this economic situation are transport-intensive^ then the move to a 
more sustainable food production and distribution system, which is not dependent on road (and 
international fi*eight) transport, will be resisted and may in the case of many of the retailing systems 
which exist at present not be possible. However, this does not mean that current levels of road 
freight and indeed car use for shopping are ‘unavoidable’.
In this thesis I propose that present levels of freight transport are avoidable, that a substantial 
reduction in the demand for road freight transport can maintain and enhance well-being and that any 
increases in road freight transport will be environmentally unsustainable. This contrasts to the view 
of the RCEP (1994) and the DETR (1998) that a sustainable transport policy would be based on 
growth of no more than 10% a decade in the overall demand for freight transport over the next 30 
years. I also propose alternative types of sourcing and distribution systems to meet human ‘needs’ 
which minimise the need for transport, and road transport in particular. These proposals are 
summarised in the hypotheses and research objectives in section 1.7 of Chapter 1.
 ^ The FSC is transport intensive because of the predominance of global sourcing, centralised and just-in-time 
distribution and shopping by car. Distribution centres and stores are located in positions in which access by road for 
cars and lorries is facilitated (as discussed in sections 2.9 to 2.9.3). _
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Means/End Analysis and other environmental analysis techniques APPENDIX 2.8
There are several differences between Energy Input Analysis (EIA), Life Cycle Analysis (LCA) and 
Means/End Analysis (ME A). In an ME A:
a. all options for meeting a specified human need have to be considered.
b. the analysis is ‘location specific’ so that all o f the options for meeting this need are considered in 
a defined area or community. In this way all data, including the distances of all transport stages, 
are exact rather than estimates or averages.
c. the results will be specific to the locations chosen, but can be representative of a particular 
country if the data fall within national averages e.g. the average distances of individual freight 
journeys and shopping; and reflect various settlements i.e. by considering a rural and an urban 
location and differing population and retail densities.
d. the aim is to determine the most environmentally sustainable option for meeting this defined 
need at a particular location, measured by the thermodynamic throughput associated with each 
option (with the most environmentally sustainable option having the minimum thermodynamic 
throughput). It is recognised that the most sustainable systems may not be any o f the 
predominant systems at present and that to meet the needs of the population of Britain by the 
most sustainable means (identified and highlighted in a study) may require significant changes in 
land use, marketing systems as well as consumer awareness and information provision.
MEA states that the purpose of a study is to ‘compare all of the options of meeting a particular 
human need at a particular location’ and therefore the boundary of the study is geographically 
restricted to consumption. The purpose o f many LCA and EIA studies has not been to look at 
meeting a human ‘need’ at a particular location (the ‘end’ in a MEA study) but to look at a 
production process or part of a production process. For example, the European Commission (EC, 
1997) looked at the cultivation of wheat, but only up to the farm gate; and there have been many 
LCA studies carried out over the last few years which have looked at the packaging o f food 
products. As discussed in section 2.11 several problems arise in these situations:
i. packaging is not a human need, but something that is now required (in many instances) because of 
amongst other things the sourcing and distribution systems of the contemporary FSC. The human 
‘need’ is the product which the packaging contains. By not concentrating on the ‘end’ or ‘human 
need’ and concentrating instead on different packaging options for a food product the analyses often 
do not consider all of the ‘options’ for a food and drink product in terms of all possible 
sourcing/distribution systems as well as non-packaging options.
ii. Many LCA and EIA studies have boundaries which are geographically restricted to production 
and therefore do not look at all o f the stages, and in particular ‘real life’ examples o f all of the 
transport stages involved in the life cycle of the product. By looking only at ‘parts’ of the life cycle 
of a product such as the packaging or agricultural sub-systems, other stages such as distribution and 
shopping are overlooked, which may have a significant environmental impact\ This does not help 
in determining the most sustainable system of production, distribution and waste management when 
meeting a particular ‘need’, which is defined in this analysis as the system (including all lifecycle 
inputs and outputs of that system) which has minimum thermodynamic throughput.
The most significant difference between MEA and other analysis techniques such as EIA and LCA 
is that for the former the analysis has to ‘compare all of the options of meeting a particular human 
need at a particular location’. EIA and LCA could be applied in a similar way but there is no
 ^ In certain cases the environmental impacts of the stages or sub-systems which are not included in the analysis could be 
orders of magnitude greater than the total environmental impacts of the stages which are considered. In this situation 
the results of the analysis may not only be meaningless but also misleading (if the recommendations of these ‘partial’ 
analyses are implemented). They are also not helpful whai the goal is to determine the most sustainable systems 
(which have minimum environmental impact).
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statement in either of these methodologies which says that they should be (and often they have not 
been applied in this manner). Also, the goal of MEA analysis is to determine which systems of 
production, distribution and waste management most closely approach the goal of sustainable 
development and therefore to determine which system has the minimum energy and material 
throughput. The goal of many LCA studies has not been related to sustainable development but to 
the high-lighting of ways in which the environmental impact of existing systems can be reduced or 
to show that cetrain existing products or systems have less o f an environmental impact than 
alternative (existing) products or systems, neither o f which comply to the criteria for sustainable 
development. These problems arise because the LCA practitioner is free to choose the scope, 
boundary and goals of an LCA which has in the case of packaging systems resulted in different 
studies arriving at conclusions that are “often contradictory or are based on questionable 
simplification and sub-optimisation. Furthermore, because many aspects have to be followed, there 
can be little doubt that the full application to any packaged product will prove to be a formidable 
and expensive undertaking” (Kooijman, 1994).
Interpreting and acting on the results of an environmental analysis can be complicated. The 
inventory in an LCA can contain up to 51 criteria, including 8 categories o f energy carriers, air 
emissions (13 categories), water emissions (14 categories) and soil emissions (16 categories) as well 
as solid wastes. Interpreting and making decisions based upon 51 criteria is extremely difficult and 
can involve ‘trading o ff  or substituting one environmental burden for another or transferring 
pollution fi’om one place to another (Jackson, 1996). For example, when considering glass or 
polycarbonate containers for the packaging of drinks the results of an LCA may show that one 
material is environmentally benign in some respects, but in others results in environmental impacts 
which the alternative container avoids.
Another ‘complicating factor’ in environmental analyses is the fact that the energy consumed^ is 
often derived from several sources. As shown in Chapter 1 for each fossil fiiel energy carrier, the 
emissions per megajoule (MJ) of energy consumed can vary significantly (Figure 1.8). 
Additionally, when fossil fuel, renewable and nuclear energy sources are compared the 
environmental impacts are even more diverse.
In this means/end analysis, the data collection and the interpretation of the results is simplified 
because there is only one source of energy. This is possible because only the direct impacts of 
transportation are considered. Thus, the direct energy consumption of fossil-oil based fuels and the 
air emissions associated with the combustion of these fiiels (that are released to the environment) 
are quantified. Comparisons are based on the fuel consumed (which is converted to the standard 
unit of energy: Joules) and emissions of five main air pollutants. Thus, all comparisons which are 
made are based on six criteria (compared to over 50 criteria in most Life Cycle assessments)^. 
Additionally, any ‘trade offs’ between different environmental burdens are avoided, because (no 
more or less) than 6 criteria are required. This applies to each mode of transport which is assessed 
in the analysis.
 ^ This applies to the direct energy consumption when growing (food products) or manufacturing (consumer goods) a 
product and also the energy consumption associated with all inputs into the production process (e.g. pesticides and 
machinery in agricultural systems and all components of manufactured products).
 ^The comparisons are, on the whole, based on only one indicator: the energy consumed. This is because the emissions 
for each mode of transport are directly proportional to the energy (fuel) consumption. Also, all the transport fuels 
considered are derivatives of fossil oil, so that even between different transport modes the amount of pollutants 
released (per unit of energy consumed) varies only slightly. This is an issue that is discussed further in Section 3.18.m'a
An example of the application of BPEO APPENDIX 2.9
The concept of Best Practicable Environmental Option (BPEO) was defined in the Royal Commission’s Twelfth Report as ‘the 
outcome of a systematic consultative and decision-making procedure which emphasises the protection and conservation of the 
environment across land, air and water. The BPEO procedure establishes, for a given set of objectives, the option that provides 
the most benefit or least damage to the environment as a whole, at acceptable cost, in the long term as well as in the short term.’
BPEO was first put forward as an approach to the control of industrial pollution but it also has a role to play in strategic 
planning and in matters of national and global importance. It can help in the development of transport policies and in finding 
solutions to transport problems. The following hypothetical example expands on material in the Twelfth Report to illustrate 
how the BPEO approach might be used in addressing the problems of traffic congestion and pollution in a town.
Step I : Define the objective
The objective must be defined in terms which do not prejudge the means by which it is to be achieved. It would therefore be 
inappropriate to set as the objective ‘to improve car access to the town centre’ or ‘to exclude cars from the town centre.’ For 
this illustration the objective might be: to make the town centre a more attractive and accessible place. At the same time 
as the objectives are set, a statement of the constraints imposed on the decision-making must be formulated, whether the 
constraints are legal, technical, social or economic. The implications of alternative proposals should also be considered, 
including the ‘do nothing’ option.
Step 2 : Generate options
All feasible ways of achieving the objective should be identified and the aim should be to find those which are both practicable 
and environmentally acceptable. In this context, ‘practicable’ implies that the option must be in accordance with current 
technical knowledge and must not have disproportionate financial implications. The search should be as wide-ranging and 
imaginative as possible and should, in this context, include non-transport options. As in this illustration, complex objectives 
are likely to call for combinations of options to achieve them. The options in this case are likely to include:
land use plans to situate facilities where they do not require car access and to discourage developments which are 
accessible only by car,
improvements to public transport and to cycling and pedestrian infrastructure; 
car and heavy goods vehicle restraint;
measures to stagger the rush hour (eg different starting times for schools and other destinations susceptible to local 
authority influence, greater use of teleworking);
development of delivery services for shopping (and perhaps placing orders by telephone or computer);
encouragement of entertainment and cultural facilities and perhaps residential development in the town centre in order 
to enhance its liveliness out of business hours;
construction of new infrastructure.
Step 3 : Evaluate the options
The advantages and disadvantages of each option for the environment should be evaluated, using both quantitative and 
qualitative methods as appropriate.
Some effects (for example on atmospheric emissions, noise generation, water pollution (eg from run-off), accidents) should 
be capable of fairly accurate estimation. Others will be less readily quantified (eg how far the attractiveness of the town centre 
has been increased, how sympathetic any new development is) but even here there is increasing evidence which would permit 
some assessment of the effectiveness of options (eg how much a pedestrian scheme might enhance business opportunities).
Step 4 : Summarise and present the evaluation
The results of the evaluation should be presented concisely and objectively, and in a format which can highlight the advantages 
and disadvantages of each option. The results of different measurements and forecasts should not be combined if to do so 
would obscure information which is important to the decision. The cumulative effects of a series of complementary options 
should, however, be spelled out.
Step 5 : Select the preferred option(s)
The choice will depend on the weight given to the environmental impacts and associated risks, and to the costs involved. 
Decision-makers should be able to demonstrate that the preferred option(s) do(es) not involve unacceptable consequences for 
the environment.
Step-6 : Review the preferred option(s)
The proposed option(s) must be scrutinised closely to ensure that no pollution risk (including regional and global ones) has 
been overlooked. It is good practice to have the scrutiny made by individuals who are independent of the original team.
Step 7 .- Implement and monitor
The achieved performance should be monitored against the desired targets, especially those for environmental quality. This 
is intended to establish whether the original assumptions were correct and to provide feedback for future developments.
Throughout steps 1 to 7: Maintain an audit trail. The basis for all choices or decisions through each stage should be recorded.
This will include the assumptions used, details of evaluation procedures, the reliability and origins of the data, the affiliations 
of those involved in the analytical work and a record of those taking the decisions.
Public involvement and consultation should be an integral part of the decision-making and implementation procedures. It will 
be especially important in steps 1, 2, 4 and 5.
Source: RCEP (1994)
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Locations Chosen APPENDIX 3.1
The two locations chosen for this study are Denbigh and Brixton. The main reasons for the analysis 
of two settlements and of these two in particular are:
i. Denbigh is a small rural town in North Wales and Brixton is an inner city area in south London. 
These two locations are markedly different in many respects including population, population 
density, transport infrastructure and the number of retail outlets and their accessibility and 
catchment area.
ii. There are also geographical differences in terms of the distances between each location and the:
• ports at which imports of apples arrive in Britain;
• main commercial apple production areas in Britain;
• Regional Distribution Centres (RDC) and traditional wholesale markets;
• landfill sites.
iii. The geographical boundary based on maximum shopping distance will also differ because of the 
size of the catchment area of retail outlets at each of the two locations. This is confirmed in a 
sample survey o f consumers based on shopping habits at all of the retail outlets, which is 
discussed in section 3.8 and Appendix 3.2.
Thus Denbigh and Brixton were selected because o f these differences but also to be representative 
of an urban area and a relatively remote rural location. Despite these differences and the contrasts 
which will be assessed, based on the results, any similarities will also be highlighted.
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Sample Survey APPENDIX 3.2
A small ‘convenience sample’ of 50 customers at each retail outlet (N=50) was used as an estimate 
for all o f the studies below to obtain maximum and minimum values and an average which will be 
indicative but not comprehensive or statistically representative. The following may be determined 
in this way:
i. Product Leftover
There will invariably be some product waste and uneaten fraction, for example, whole apples which 
are disposed because they begin to decay or an uneaten portion such as the core of the apple. The 
average weight of uneaten product and the fraction o f the original weight may be determined using 
the same sample size as above. It should be noted that apart from product leftover after the point of 
sale, product loss due to spoilage can occur during any stage of the food supply chain.
ii. Shopping
The information required when determining the environmental impacts associated with shopping 
patterns includes the:
i. mode of transport;
ii. distance and road type; and
iii. average number of shopping trips per week.
This information will vary for each retail outlet and therefore a sample of customers were asked to 
complete a simple questionnaire at each of the retail outlets covered in the study.
iii. Waste management
The information required may again be obtained from a sample o f the residents in the two locations 
to provide a rough estimate of the waste management practices:
i. does the household recycle, reuse, compost or throw away its domestic waste;
ii. if  recycled, what is the normal mode of transport and distance to the recycling centre/bins;
iii. if landfilled, the distance to the landfill site and the maximum load of the bin wagon.
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All possible transport systems APPENDIX 3.3
Variations of System 1
System 1: Global Sourcing / Superstore / Motorised Shoiming / T andfill
1. to port 2. to Britain [> 3. to RDC 4. to store 0 5. to home 6. waste management
System 2: Global Sourcing / Snna^ore / Non-Motorised Shopping / Landfill
1. to port 2. to Britain 3. to RDC 4. to store 6. waste management
System 3: Global Sourcing / Supa^ore / Motorised Shopping / Composted
1. to port 2. to Britain 3. to RDC 4. to store 0 5. to home
System 4: Global Sourdng / Supoistore / Non-IVfotorised Shopping / Composted
1. to port 2. to Britain 3. to RDC o 4. to store
Variations of System 5
System 5: Qobal Sourcing / Grocer or Mariket Traders / Motorised Shonning / Landfill
1. to Port 2.to Aitain 3. to Wholesale 4. to Grocers 5. to home 6. Waste Management
System 6: Qobal Sourdng/Grocer Markri:Traders/Non-lVfotorisedShopping/Landfill
1. to Port 2.to&itam 3. to Wholesale 4. to Grocers 6. Waste Managanent
System 7: Global Sourcing / Grocer or Maiket Traders / Motorised iSiopping / Composted
1. to Port 2. to Britain 3. to Wholesale 4. to Grocers 5. to Home
System 8: Qobal Sourdng / Grocer or Maritet Traders / Non-Motorised Shopping / Composted
1. to Port 2. to Britain 3. to Wholesale 4. to Grocers
* In this Appendix all motorised transport stages are represented as boxes and non-motorised transportation are not 
shown. The transport stage numbers corresponds to the stage numbers in the text (see Figure 3,10).
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APPENDIX 3.3
Variations of System 9
System 9: UK Sourced / Superstore / Motorised Shopping / Landfill
3. to RDC o 4. to store 5. to home 6. waste management
System 10: UK Sourced / Suoerstore / Non- Motorised ShoDoins / Landfill
3. to RDC [> 4. to store O 6. waste management
System 11: UK Sourced / Superstore / Motorised Shopping / Composted
3. to RDC n> 4. to store :> 5. to home
System 12: UK Sourced / Superstore / Non-Motorised Shopping / Composted
3. to RDC 4. to store
Variations of System 13
System 13: UK Sourced / Grocer or Market Traders / Motorised Shopping / Landfill
3. to Wholesale 4. to Grocers 5. to home 6. Waste Management
System 14: UK Sourced / Grocer or Market Traders / Non-Motorised Shopping / Landfill
3. to Wholesale 4. to Grocers 6. Waste Management
System 15: UK Sourced / Grocer or Market Traders / Motorised Shopping / Composted
3. to Wholesale 4. to Grocers 5. to home
System 16: UK Sourced / Grocer or Market Traders / Non-Motorised Shopping / Composted
3. to Wholesale c )  4. to Grocers
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Variations of System 17
System 17: UK Sourced / Box Scheme / Home Delivery / Landfill
3. to Depot 5. to home 6. Waste Management
System 18: UK Sourced / Box Scheme / Home Delivery / Composted 
03. to Depot 5. to home
Variations of System 19 
System 19: Locally Sourced / Grocer / Motorised Shopping / Landfill
4. to Grocers 5. to home o 6. Waste Management
System 20: Locally Sourced / Grocer / Motorised Shopping / Composted
4. to Grocers iz>5. to home
System 21: Locally Sourced /  Grocer / Non-Motorised Shopping / Landfill 
c>4. to Grocers 6. Waste Management
System 22: Locally Sourced / Grocer / Non-Motorised Shopping / Composted
4. to Grocers
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APPENDIX 3.3
Variations of System 23
System 23: Locally Grown / Box Scheme / Delivered to Home / Landfill
5. to home 6. waste management
System 24: Locally Grown / Box Scheme / Delivered to Home /Composted
5. to home
Variations of System 25
System 25: Locally Sourced /  Farm Shoo, Market Garden or Allotment/ Motorised
ShoDDins / Landfill
5. to home 6. Waste Management
System 26: Locally Sourced / Farm Shop, Market Garden or Allotment/ Non-Motorised
Shonnins / Landfill
6. Waste Management
System 27: Locally Sourced/Farm Shop, Market Garden or Allotment/Motorised
Shopping/Composted
5. to home
System 28: Locally Sourced/Farm Shop, Market Garden or Allotment/Non-Motorised
Shopping/Compost
There are no motorised transport stages
Variations of System 29 
System 29: Home Grown / Landfill
6. waste management
System 30: Home Grown / Composted
There are no motorised transport stages
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Conversions APPENDIX 3.4
The conversion of the data collected (the distance of each stage and the quantity carried) into the 
standards units in this analysis (MJ/kilogram of apples and grammes o f air emissions/kilogram of 
apples) for each transport stage (using the data sources listed in Appendix 3.6) involved the 
following:
Ship
The base data for cargo shipments by sea was obtained from Eriksson (1995), where energy 
consumption and emissions are presented as MJ/tonne-kilometre and grammes/tonne-kilometre. 
Therefore, for the macro analysis, the energy consumption and emissions associated with the total 
imports of apples from each country of origin in the year 1993 are calculated by multiplying the 
data source by the quantity of apples (tonnes) and the distance from port of origin to British port.
In the micro analysis the data source is converted to the fiinctional unit (per kilogram o f apples) by 
dividing by 1000 and multiplying by the distance involved.
Truck
The data for lorry and car transport was obtained from Gover (1994), where the emissions are 
presented as grammes per kilometre (g/km) and fuel consumption as litres per 100 kilometres (1/100 
km). Additionally, Gover provides a breakdown for national and urban conditions. To convert to 
the functional unit (per kilogram of apples), the fuel consumption (in litres) is determined, which is 
converted to energy consumption (in mega joules) using the relevant conversion factor in Boustead 
and Hancock (1986), shown in Appendix 3.6. This figure is then divided by the quantity of apples 
(in kilograms). Air emissions are presented by Gover as grammes/kilometre and are converted to 
grammes/kilogram apples by multiplying by the distance and dividing by the quantity of apples (in 
kilograms).
Car
The energy consumption and air emissions of shopping depend on the type of car (engine capacity), 
the distance, the conditions (urban or rural), and the quantity of apples and total amount o f shopping 
(both in kilograms). Additionally, Gover (1994) considers the effects of cold start and stop-start 
conditions in congested areas, as well as the implications of those vehicles which run on 
diesel/petrol (with and without a catalytic converter) and how the age of the vehicle or engine 
influences air emissions and fiiel consumption.
The calculations are as for trucks, apart from the quantity involved, as there are several variables in 
shopping patterns. For example, the product being analysed may be purchased separately, in which 
case a ‘special’ journey is made solely for this purpose. Alternatively it may constitute only a small 
fraction, by weight or volume, of a shopping trip. The quantity by weight used to represent a 
balance between these two extremes is based on average weekly purchases of apples as a fraction of 
all fresh fruit and vegetables purchases, obtained from the National Food Survey (HFS, 1994). In 
1993 6.10 ounces of apples were purchased per person per week, which constituted 8.14 per cent of 
all fresh fruit and vegetable purchases. Therefore, the energy allocated to apple purchases is 8.14 
per cent of the total energy consumption of each shopping trip.
Waste Management
The data for the fuel consumption and capacity o f bin wagons was obtained by contacting the 
manufacturers or the council waste management department. In the case of Brixton the movement 
of waste involves a step by barge, the data for which was obtained from Whitelegg (1993).
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Questionnaire sent to retailers, importers and Embassys APPENDIX 3.5
Retailers
I am carrying out a study looking at the logistics of fresh produce distribution followed by an
analysis of different packaging options for fruit and vegetables. In the first instance I was hoping
that you could provide the following information:
1. The location of the regional distribution centre which provides fresh produce for the TESCO 
store in Brixton.
2. The average daily delivery (in kilograms) of fresh apples and any daily variations i.e. on a Friday 
and Saturday.
3. The total (average) daily delivery of fresh fruit and vegetables (in kilograms), in the same truck 
as the apples.
4. The quantity o f fresh apples sold in the TESCO store in Brixton in 1993 and a breakdown of their 
origin.
5. If  available on your computer records the weight (in kilograms) of the average purchase of 
apples.
Importers
1. A defined area where apples are grown in France (in the form of a map if available).
2. The quantity grown in each area.
3. The French port the produce from each area is transported to.
4. Are the products transported to the port by road, air or rail?
5. If by road then the size of truck and the average load (tonnes).
6. The average shipment load (tonnes) and vessel size (weight capacity in tonnes).
7. The port of entry in Britain, the route and distance.
8. The number of shipments in a year (e.g. 1993).
9. Are the products supplied to a multiple retailer or to wholesale markets?
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APPENDIX 3.6
Sources of Transport Data: Energy Consumption and Emissions Data by Mode of Transport 
The Scope of the Study
The scope of this study in terms of the total environmental impact of the transport and distribution 
subsystem is shown in Figure 3.6. The life cycle of the transport infrastructure i.e. road and rail 
construction, maintenance and waste management is not considered. This environmental assessment 
is, therefore, be confined to the ‘direct’ environmental impacts of each transport stage, in relation to 
the fuel consumed and exhaust emissions. The environmental burdens associated with the 
infrastructure and vehicle (or vessel) construction, and the maintenance of both, are excluded from 
the study. Recent studies have shown that the burdens associated with these aspects are not 
negligible compared to the ‘direct’ impacts described above (Lafleche, 1995). For road and rail 
freight transport the environmental burdens relating to infrastructure (construction and 
maintenance) have been estimated to account for 30-21%, respectively, and for passenger 
transportation 21-37% respectively, of the total transport system energy requirements (Lafleche, 
1995). The energy consumed and emissions resulting from vehicle fabrication, maintenance and 
waste management are also excluded^^.
There are three reasons why the ‘indirect’ environmental burdens are not included in the system 
boundary of this study: firstly, the lack of data available in the UK at present, as the data in the 
study above are specific to Italy (Lafleche, 1995); secondly, to determine the environmental burden 
associated with the infrastructure and vehicle (or vessel) construction, and the maintenance of both 
for road transportation of goods for example, would require the following information:
• The average lifespan o f the vehicle;
• The average mileage of that vehicle for this lifespan;
• Maintenance requirements;
• The environmental impact in the life cycle o f car parks, service stations road lighting and petrol 
stations;
• The environmental burden associated with road construction (for a certain stretch of road, and 
for each road type i.e. motorway, rural, dual carriageway etc.);
• The frequency of re-surfacing of the road and other maintenance.
To collect all this information would be time-consuming and the results would be approximations at 
best. The final argument against including ‘indirect’ energy inputs is that any increase or decrease 
in traffic hardly alters the total and therefore should not be charged against a marginal extra 
journey. The road construction and maintenance and other fixed assets are, therefore, excluded from 
this analysis. This is also consistent with the system boundary for this analysis which covers all o f 
the individual transport stages in the respective life cycles of fresh apples and the energy 
consumption associated with the extraction and delivery of the fiiel used in these transport stages^^ 
(Figure 3.6).
Sources of data and calculations which compare the results of using each data source.
The following issues were considered when selecting the data source for each mode of transport:
i. The conditions are different in each country so where possible ‘British’ data was used.
It has been estimated that the energy consumed during vehicle manufacture can amount to a quarter of the energy 
consumed in the life cycle of a vehicle (OECD, 1995).
Biis will be based on data provided by Boustead and Hancock (1981) which is listed in Figure 3.6.2.
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ii. Source data was required which reflected load rate, speed and conditions i.e. urban, rural or 
motorway for cars and trucks.
iii. Data sources are available in terms of MJ per tonne-km or MJ per vehicle-km and because of 
the calculations in this analysis MJ per vehicle-kilometre was preferred for distribution by truck 
and for shopping by car.
Three sources of data relating to energy consumption (or fuel consumption) and air emissions of the 
various modes of transport required for this study were considered. The main reference source for 
the base emissions data which are used is a report pubhshed by Gover (1994) at the Energy 
Technology Support Unit (ETSU). This provides comprehensive tables of energy consumption and 
emissions relating to road transportation, with a breakdown o f road type, average speed and vehicle 
size for petrol and diesel cars with and without a catalytic converter, and light, medium and large 
heavy goods vehicles (Figures 3.6.6, 3.6.7 and 3.6.8).
The other two sources of data are a Swedish study by Eriksson (1995, Figure 3.6.5) at Chalmers 
University and the PIRA environmental management system (PEMS, 1994; Figure 3.6.4). The main 
reason for using the Gover (1994) data was that of data consistency as it was essential that the 
source data used in this study covered all o f the modes of transport and the PEMS database did not 
cover passenger cars, which is a major part of the study, and this is a major drawback.
Additionally, when comparing the data sources I found major discrepancies between the PEMS data 
and the other two sources (Figure 3.6.1). There is a difficulty in comparing the three data sources 
owing to the different breakdown and categories of vehicle and conditions. However, Figure 3.6.1 
provides a summary o f results for medium and large heavy goods vehicles.
The units in the PEMS system are MJ/tonne-kilometre for energy consumption and kg/tonne- 
kilometre for emissions. The units from the other two sources are litres of fuel and grammes of 
emissions per vehicle kilometre. This turns out to be an important distinction, in terms of this study, 
as many of the calculations are based on the emissions and energy consumption for a journey, say 
by truck, divided by the mass fraction of apples. The calculations by which the PEMS system 
determines the inventory of inputs and outputs of a transport system are hidden from the user but it 
seems that the percentage of fhll load (utility) does not alter the emissions or fuel consumption of a 
vehicle in a particular journey.
Figure 3.6.1 Comparisons of the three data sources for medium and large goods vehicles
Source TRUCK 
( Tonnes )
UTILITY CONDITIONS Energy
(MJ/km)
C02
(g/km)
CO
(g/km)
S02
(g/km)
HC
(g/km)
NOx
(g/km)
PM
(g/km)
I) Eriksson (1995) 
Gover (1994) 
PEMS (1994)
8 .5 -16
7 .5 -1 7  
12(load)
40%
73%
100%
70 km/h 
80 km/h 
Motorway
8.54
10.15
36.10
499
552
2549
3.19
1.84
10.3
0.09
11.65
1.26
0.26
6.49
7.96
51.1
0.28
0.83
Î) Eriksson (1995) 
Gover (1994) 
PEMS (1994)
2 4 -4 0  
1 7-3 8  
20 (load)
40%
68%
100%
90 km/h 
80 km/h 
Motorway
8.08
14.82
24.75
473
685
1741
2.45
1.76
0.41
0.08
7.89
0.97
0.13
5.73
10.2
32.64
0.34
0.71
the units are tonne-kilometres)
In Figure 3.6.1 the only two areas by which all three data sources may be compared are shown in 
terms of vehicle-kilometres. These are medium (A) and large (B) heavy goods vehicles; and as the 
PEMS data is given on a per tonne basis, a load of 12 and 20 tonnes for each truck category is 
assumed. As can be seen the Eriksson (1995) and Gover (1994) data are relatively consistent but 
the PEMS data is on the whole between two and three times greater than the other two sources. As 
the data from Eriksson (1995) are for Swedish vehicles and conditions the Gover (1994) data 
(Figures 3.6.6 to 3.6.8) which were determined in the UK is used for road transportation and the 
data of Eriksson (1995) (Figure 3.6.5) for international transport by ship, which the Gover (1994) 
study doesn’t cover. I should note that the Eriksson (1995) data on shipping are general, and a
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breakdown for vessel size and indeed for refrigeration is not provided. Figures 3.6.9 and 3.6.10 
summarise the data used in this study.
Figure 3.6.2 Conversion of volume of fuel into energy, including production and delivery
Production and Delivery 
energy MJ/litre
Energy content 
of MJ/litre
Total Energy 
MJ/litre
Heavy fuel oil 8.57 40.98 49.55
Medium fuel oil 8.50 40.92 49.42
Light fuel oil 8.29 40.18 48.47
Kerosene 6.96 36.53 43.49
Diesel 7.45 37.71 45.16
Petrol 6.85 35.97 42.82
Source: Boustead and Hancock (1986)
Figure 3.6.3 Gross vehicle weight (GVW) and load
Vehicle Total Weight Load (tonnes)
Light Goods Vehicle GVW < 3.5 <3
Medium Goods Vehicle 7.5 < GVW < 17 5-10
Heavy Goods Vehicle GVW> 17 10-20
Figure 3.6.4 The PEMS data
Mode of Transport Energy
MJ/t-km
CO
kg/t-km
CO2
kg/t-km
NOx
kg/t-km
SO2
kg/t-km
v o c
kg/t-km
Small Truck
Motorway
Urban
Rural
4.642581
6.332689
2.816847
0.030049
0.037864
0.029712
0.285855
0.387673
0.173660
0.004403
0.002911
0.004264
0.000545
0.000743
0.000331
0.002098
0.004063
0.003096
Intermediate
Truck
Motorway
Urban
Rural
3.009853 
3.140262
3.009853
0.000855
0.001727
0.000855
0.212522
0.221783
0.212522
0.004259
0.003539
0.004259
0.000973
0.001009
0.000973
0.000355
0.000871
0.000355
Large Truck
Motorway
Urban
Rural
1.236283
1.471020
1.507535
0.000018
0.000592
0.000312
0.087285
0.103952
0.106519
0.001634
0.001532
0.001995
0.000395
0.000473
0.000477
0.000245
0.000516
0.000297
Rail Electric 
Diesel
1.200162
1.830950
0.000045
0.000917
0.079520
0.129242
0.000354
0.002023
0.000929
0.000585
0.000254
0.000242
Barge 0.620750 0.000179 0.044061 0.000627 0.000193 0.000098
Ocean Ship 0.537287 0.000155 0.039252 0.000593 0.000171 0.000162
PEMS (1994)
Figure 3.6.5 The base emissions and fuel consumption of cars, goods vehicles and ships.
Vehicle Transport
Type
Fuel Consumption 
ml/vehicle-kilometre CO2
g/vkm
NOx
g/vkm
HC
g/vkm
CO
g/vkm
Part
g/vkm
SOx
g/vkm
Passenger
Car
City distribution 
or personal 
transport
123 289 1.06 2.47 26.20 0.02 0.02
Light Urban 121 320 3.00 4.76 51.85 0.05 0.02
Truck National 189 499 6.49 1.26 3.19 0.28 0.09
Heavy
Truck
Regional
Distribution
179 473 5.73 0.97 2.45 0.34 0.08
Truck with 
Trailer
Long Distance 
Distribution
451 1191 18.98 1.48 4.30 0.55 0.21
Ship(i) Intercontinental 0.18 fill) 13 0.45 0.01 0.04 0.1 (ii)
Source: Eriksson (1995)
Notes:
i. The units for fuel use are millilitres per vehicle kilometre and for emissions are grammes per vehicle kilometre.
ii. A value is not ineluded for sulphur dioxide emissions as this will depend on the fuel quality.
iii. Units for fuel consumption of shipping are MJ/tonne-km and for emissions are grammes/tonne-kilometre.
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Figure 3.6.6 The base emissions and fuel consumption of passenger cars
Fuel Consumption Exhaust emissions ( grammes /  kilometre)
(Litres / 100 kilometres) CO2 CO HC NOx PM
Petrol car (non-catalyst)
Small National 7.50 138 19.27 2.61 2.16 -
Urban 9.41 155 32.78 4.65 1.79 -
Medium National 8.45 164 17.01 2.52 2.56 -
Urban 10.81 194 29.71 4.44 2.26 -
Large National 11.44 237 15.59 2.35 3.17 -
Urban 15.42 302 30.10 4.40 3.13 -
Petrol car (two-way catalyst)
Small National 6.38 140 5.65 0.47 0.53
Urban 7.53 157 11.22 0.94 0.67 -
Medium National 8.49 189 6.33 0.43 0.33 -
Urban 9.89 210 12.58 0.86 0.53 -
Laige National 11.03 245 7.97 0.51 0.50 -
Urban 12.81 273 15.85 1.01 0.85 -
Diesel car
Small National 4.73 123 0.47 0.06 0.42 0.15
Urban 5.25 136 0.66 0.08 0.42 0.21
Medium National 5.73 149 0.50 0.09 0.67 0.21
Urban 6:36 165 0.71 0.13 0.70 0.29
Large National 7.73 202 0.55 0.11 0.91 0.23
Urban 8.58 223 0.78 0.16 0.94 0.31
Notes:
Passenger cars are cat^orised by engine capacity, age and fuel type^  Three engine sizes and four age groups 
are used for both petrol and diesel cars. The average annual distance traveled for each engine size, vehicle 
age and fuel type is also taken into account
Engine size: small car less than 1401cc; medium car, 1401cc - 2000cc; larçe car, greater than 2001cc.
Vehicle age fyears): under 2,2-5,5-10, over 10.
Source: Gover (1994).
Figure 3.6.7 The base emissions and fuel consumption of light goods vehicles
Fuel Consumption Exhaust emissions ( grammes / kilometre)
(Litres /100 kilometres) COz CO HC NOx PM
Petrol (non-catalyst)
National 8.06 161 14.85 1.58 2.19
Urban 8.56 167 17.40 2.23 1.87
Diesel car
National 7.64 198 0.73 0.39 1.25 0.26
Urban 7.58 196 0.48 0.48 1.35 0.28
Notes:
Light goods vehicles have a gross weight of less than 3.5 tonnes. They are divided into those fuelled by petrol
(without a catalyst) and diesel. All LGVs are assumed to have lives of 10 years, independent of fuel type.
Source: Gover (1994).
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Figure 3.6.8 The base emissions and fuel consumption of heavy goods vehicles
Fuel Consumption Exhaust emissions (grammes /  kilometre)
(Litres /100 kilometres) CO2 CO HC NOx PM
3.5t<GVW<7.5t
National 18.75 479 2.16 0.58 6.96 1.41
Urban 19.38 496 2.85 1.02 6.82 1.90
7.5t<GVW<17t
National 22.47 581 3.61 0.48 9.23 1.12
Urban 24.50 630 4.92 0.74 9.58 1.53
GVW^17t
National 32.82 853 3.92 0.45 13.06 1.07
Urban 38.50 997 5.89 0.84 14.69 1.52
Notes:
Heavy goods vehicles have a gross weight of between 3.5 and 17 tonnes and over. They are all fuelled by
diesel. National averages are derived from an estimate of the proportion of vehicle kilometres driven on
different types of roads.
Source: Gover (1994).
Figure 3.6.9 Data sources for the energy consumption of different transport modes that will 
be used in this study
i. Freight transport MJ/Vehicle-km MJ/tonne-km
Large Truck (1) 14.82 0.741 1.482*
Medium Truck (2) 10.15 1.015 2.030**
Light Goods Vehicle (diesel) (3) 3.45 1.150 3.450***
Ship (4) 0.180
Barge (5) 0.423
Train (6) 0.2707
(1),(2),(3) Data source; Gover (1994) Figures 3.6.7 and 3.6.8.
(4),(6) Data source: Eriksson (1995) which for train freight is the average value depending on the source of the data and
variables such as the number of carriage and load rate.
(5) Whitelegg (1994).
For road freight the value provided is for a maximum load, apart from:
* 10 tonne load; ** 5 tonne load; *** 1 tonne load.
ii. Shopping trips MJ/vehicle-km MJ/kg apples-km
Large Petrol Car (Brixton) 6.63 0.54
Large Petrol Car (Denbigh) 5.04 0.41
Medium Petrol Car (Brixton) 4.18 0.34
Medium Petrol Car (Denbigh) 3.69 0.30
Small Diesel Car (Brixton) 2.33 0.19
Small Diesel Car (Denbigh) 2.09 0.17
Bus 20.60 0.06*
Data source: Gover (1994), Figure 3.6.6 to 3.6.8,
* assumed 60% occupancy in a 35 - 50 seater bus.
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Figure 3.6.10 Data sources for the energy consumption and emissions of different transport 
modes that are used in this study (based on source data from Figures 3.6.5, 
3.6.6, 3.67 and 3.68)
Energy Emissions ( grammes /  tonne-ldlometre)
Mode of Tlransport (MJ / tonne-Idlometre) CO2 CO HC PM NOx
Large TVuck(10 tonne load) 1.482 8530 0392 0.045 0.107 1306
Large TVuck(20 tonne load) 0.741 42.65 0.196 0.023 0.054 0.653
Medium Truck(5 tonne load) 2.030 116.2 0.722 0.096 0.224 1.846
Medium TnKk(10 tonne load) 1.015 58.10 0361 0.048 0.112 0.923
light Goods Vehide (1 tonne load) 3.450 198.0 0.730 0.390 0.260 1.250
ligh t Goods Vehide (3 tonne load) 1.150 66.0 0.243 0.130 0.087 0.417
Rail (minimum)* 0.216 29.1 - - 0.045 0.062
Rail (average)* 0.271 36.5 - - 0.057 0.078
Rail (maximum)* 0396 533 - - 0.083 0.113
Ship* 0.180 13.0 0.040 0.010 0.100 0.450
Notes:
large truck, gross vdhicle wei^t greater than 17 tonnes.
Medium truck, gross vehide wdght between 3.5 and 17 tonnes.
Light goods vehide, gross vdiide wd^it less than 3.5 tonnes 
Rail (minimum) - load rate: 0.8 with 52 carriages.
Rail (maximum) - load rate: 0.4 wifli 10 carriages.
The emissions for rail frei^it are based on data from Eriksson (199^ and EC (1997).
Source: Gover (1994) apart from Eriksson (199^ for rail and ship modes (marked with a *).
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The magnitude of the results: the system boundary and assumptions APPENDIX 3.7
The energy saving o f import substitution, discussed in Chapter 3, is significant from both a macro
and a micro perspective but the actual values for both energy consumption and emissions are likely
to be even higher than the figures quoted. There are several reasons for this:
i. Stage 1, which covers the movement of imported apples from the region of production to the port 
of departure, does not look at all of the regions (see Appendix 3.8). The reason is that the figures 
were not available in either government statistics or from the importing bodies. The percentage 
of imports considered in Stage 1 are as follows:
Country of Origin % of exports to Britain that are considered
France 86
South Africa 97
New Zealand 100
USA 87
Holland 100
ii. For stages 1, 2 and 3 only transport to the port of departure, to Britain, and to distribution centres 
are considered, and not the return journey. The assumption for each of these stages is that there is 
no ‘empty’ return journey. If  however, the vehicle does return to the origin for each stage 
without having picked up other goods or cargo, then the energy consumption and emissions will 
be double the values quotes for each respective stage.
iii. For stages 1 and 3, which both involve a large HGV, it is assumed that in all cases there is a full 
load of 20 tonnes. Again, if this is not the case then the energy consumption and emissions of 
that stage will be higher than the values given. For example if  the load is 10 tonnes then the 
energy consumption for that stage will be up to double the figure quoted.
iv. Only the direct energy consumption (and emissions) associated with fiiel consumption is 
considered for each transport stage. As explained in Appendix 3.6, the environmental burdens 
associated with infrastructure and vehicle (or vessel) construction, maintenance and waste 
management are not included. I f  these impacts were considered, then infrastructure for road 
transport would represent approximately 30 per cent of the total energy consumption in the life 
cycle of freight vehicles (Lafleche, 1995). On average the energy consumed and pollution 
resulting from vehicle fabrication, maintenance and waste management amount to about a 
quarter of the energy consumed in the life cycle of the vehicle (OECD, 1995). Again, if these 
factors were taken into account then the environmental impacts would be considerably greater. 
The increase in the total environmental impacts, if the environmental burdens of infrastructure 
and vehicle were included, would be greater for those transport life cycles in which there are 
more transport segments. For example, when apples are imported there can be up to 6 transport 
stages and the cumulative environmental impacts o f vehicle and infrastructure construction, 
maintenance and waste management of each stage would be added to the environmental impacts 
associated with the fuel consumption of each stage. When there is only one transport stage these 
‘additional’ environmental impacts are less and when there are no truck, ship or car stages all 
environmental impacts of vehicle and infrastructure construction, maintenance and waste 
management are avoided.
V. When apples are distributed, primary (pre-packed in bags or trays), secondary (boxes) and 
transport packaging (crates etc.) are required. Additionally, a bag or box is sometimes used to 
move the shopping from the store to the home. Kooijman (1993) has estimated that the 
packaging used in the distribution of fresh, imported peas requires 8.4 MJ/kilogram of peas. The 
environmental impacts o f packaging are not included in this analysis.
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vi. Apples require refrigeration when being distributed, which also consumes energy. This energy 
requirement is not considered in this study.
These issues apply in both the macro and the micro analyses. If  these burdens were included then 
the total energy consumption and environmental impacts would be considerably greater than the 
results provided in Chapter 3.
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The detailed results for stage 1 APPENDIX 3.8
FRANCE
Region Quantity Exported to Britain Individual Distance
tonnes / 1000 ( %) tonnes trips km
Centre 160.0 ( 7.9%) 15354 768 473
Pays de Loire 321.7 (16.0%) 31,097 1,555 485
Aquitaine 175.7 ( 8.7%) 16,909 846 995
Midi-Pyrenees 242.4 (12.0%) 23,322 1,166 855
Rhone-AIpes 123.4 ( 6.1%) 11,856 593 970
Languedoc-Roussillon 140.2 ( 7.0%) 13,605 680 992
AIpes-Cote-D’Azur 567.9 ( 28.2%) 54,808 2,740 1044
TOTAL (seven riions) 1731.3 ( 86.0%) 167,144 8348
per individual journey
Region ENERGY CO2 CO HC NOx PM
MJ kg grammes
Centre 7,011 403.5 1854.2 212.9 6,177 506.1
Pays de Loire 7,188 413.7 1901.2 218.3 6334 518.9
Aquitaine 14,747 848.7 3900.4 447.8 12,994 1,064.7
Midi-Pyrenees 12,672 729.3 3351.6 384.8 11,166 914.9
Rhone-AIpes 14377 827.4 3802.4 436.5 12,668 1,037.9
Languedoc-Roussillon 14,703 846.2 3888.6 446.4 12,956 1,061.4
Alpes-Cote-D’Azur 15,474 890.5 4092.5 469.8 13,635 1,117.1
per year
Region ENERGY CO2 CO HC NOx PM
GJ tonnes kg
Centre 5384 309.86 1424.0 163.5 4744.2 388.7
Pays de Loire 11,177 643.31 2956.4 339.4 9849.5 807.0
Aquitaine 12,476 720.58 3299.7 378.8 10993.5 900.7
Midi-Pyrenees 14,776 850.38 3908.0 448.6 13019.9 1066.7
Rhone-AIpes 8326 490.65 2254.8 258.8 7512.2 615.5
Languedoc-Roussillon 9,998 575.40 2644.3 303.6 8809.7 721.8
Alpes-Cote-D’Azu r 42399 2440.06 11213.4 1287.3 37358.9 3060.8
TOTAL 104,736 6030.24 27700.6 3180.0 92287.9 7561.2
per kilogram of product
Region ENERGY CO2 CO HC NOx PM
MJ grammes
Centre 0.35 20.18 0.0927 0.0106 0.309 0.0253
Pays de Loire 0.36 20.69 0.0951 0.0109 0.317 0.0526
Aquitaine 0.74 42.61 0.1951 0.0224 0.650 0.0533
Midi-Pyrenees 0.63 36.46 0.1676 0.0192 0.558 0.0457
Rhone-AIpes 0.72 41.38 0.1902 0.0218 0.634 0.0519
Languedoc-Roussillon 0.74 42.29 0.1944 0.0223 0.647 0.0530
Alpes-Cote-D ’Azur 0.77 44.52 0.2046 0.0235 0.682 0.0558
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APPENDIX 3.8
SOUTH AFRICA
Region Quantity exported to Britain 
( %, tonnes )
Port No individual Distance (km) Total Distance per year 
trips one way km
Elgin 30 25,487 Cape Town 1275 102 130,050
Langkloof 22 18,690 Cape Town 935 413 386,155
Ceres 20 16,991 Cape Town 850 135 114,750
Vyeboom 12 10,195 Port Elizabeth 510 656 334,560
Villiersdorp 8 6,796 Cape Town 340 98 33,320
Montagu / Barrydale 2 1,699 Cape Town 85 203 17,255
Piketberg /Porterville 2 1,699 Cape Town 85 143 12,155
Somerset West 1 850 Cape Town 43 56 2,408
TOTAL (five regions) 97 82,406 4,123 1,030,653
per individual journey
Region ENERGY CO2 CO HC NOx PM
GJ kg grammes
Elgin 1.512 87.01 399.84 45.9 1332.1 109.1
Langkloof 6.121 352.29 1618.96 185.9 5393.8 441.9
Ceres 2.000 115.16 529.20 60.8 1763.1 144.5
Vyeboom 9.723 559.57 2571.52 295.2 8567.4 701.9
Villiersdorp 1.453 83.59 384.16 44.1 1279.9 104.9
Montagu /Bariydale 3.008 173.16 795.76 91.4 2651.2 217.2
Piketberg/Porterville 2.119 121.98 560.56 64.4 1867.6 153.0
Somerset West 0.830 47.77 219.52 25.2 731.4 59.9
peryear
Region ENERGY CO2 CO HC NOx PM
GJ kg
Elgin 1927.54 110,932.7 509.8 58.5 1698.5 139.2
Langkloof 5723.40 329,390.2 1513.7 173.8 5043.2 413.2
Ceres 1700.77 97,881.8 449.8 51.6 1498.6 122.8
Vyeboom 4958.69 285,379.7 1311.5 150.6 4369.4 358.0
Villiersdorp 493.85 28,421.9 130.6 15.0 435.2 35.6
Montagu /Barrydale 255.75 14,718.5 67.6 7.8 225.4 18.5
Piketberç/Porterville 180.16 10,368.2 47.7 5.5 158.7 13.0
Somerset West 35.69 2,054.0 9.4 1.1 31.4 2.6
Total 15276 879147 4040 464 13460 1103
per kg apples
Region ENERGY CO2 CO HC NOx PM
MJ grammes
Elgin 0.076 4.35 0.020 0.002 0.067 0.0055
Langkloof 0.306 17.62 0.081 0.009 0.270 0.0221
Ceres 0.100 5.76 0.026 0.003 0.088 0.0072
Vyeboom 0.486 27.99 0.129 0.015 0.429 0.0351
Villiersdorp 0.073 4.18 0.019 0.002 0.064 0.0052
Montagu /Barrydale 0.151 8.66 0.040 0.005 0.133 0.0109
Piketberg/Porterville 0.106 6.10 0.028 0.003 0.093 0.0077
Somerset West 0.042 2.42 0.011 0.001 0.037 0.0030
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APPENDIX 3.8
NEW ZEALAND
Region Quantity Exported to Britain 
{ %, tonnes)
Port No individual 
trips
Distance (km) 
one way
Hawkes Bay 50 26559 Napier /Gisborne 1328 70
Nelson 35 18591 Nelson 930 42
Otagao 5 2656 Nelson 133 760
Cantebury 10 5312 Nelson 266 406
per individual journey
Region ENERGY CO2 CO HC NOx PM
MJ kg grammes
Hawkes Bay 1037.5 59.71 274.4 31.5 914.2 74.9
Nelson 622.5 35.83 164.6 18.9 548.5 44.9
Otagao 11264.3 648.28 2979.2 342.0 9925.6 813.2
Cantebury 6017.5 34632 1519.5 182.7 5302.4 434.4
peryear
Region ENERGY CO2 CO HC NOx PM
GJ tonnes kg
Hawkes Bay 1377.80 79.29 364.40 41.83 1214.06 99.47
Nelson 578.93 33.32 153.08 29.30 510.11 41.76
Otagao 1498.15 86.22 396.23 45.49 1320.10 108.16
Cantebury 1600.66 92.12 404.19 48.60 1410.44 115.55
Total 5055.54 291.0 1317.9 165.2 4454.7 364.94
per kg apples
Region ENERGY CO2 CO HC NOx PM
MJ grammes
Hawkes Bay 0.052 2.986 0.0137 0.00158 0.0457 0.00375
Nelson 0.031 1.792 0.0082 0.00095 0.0274 0.00225
Otagao 0.563 32.414 0.1490 0.01710 0.4963 0.04066
Cantebury 0.301 17.316 0.0760 0.00914 0.2651 0.02172
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APPENDIX 3.8
HOLLAND
Region Quantity 
(t/1000,%)
Exported 
to Britain
Port No individual Distance (km) 
trips one way
National Average 21608 Hook of Holland 1081 155
per individual journey
Region ENERGY CO2 CO HC NOx PM
MJ kg grammes
National Average 2297.331 132.215 607.6 69.75 2024.3 165.85
peryear
Region ENERGY CO2 CO HC NOx PM
GJ tonnes kg
National Average 2483.41 142.92 656.82 75.40 2188.27 179.28
per kg apples
Region ENERGY CO2 CO HC NOx PM
MJ grammes
National Average 0.115 6.614 0.0304 0.0035 0.101 0.0083
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APPENDIX 3.8
USA
Region Exported to Britain Port No individual Distance (km)
tonnes /1000,(%) trips one way
California 1155 (5.5) San Fransisco 58 420
Michigan 1050 (5.0) New York 53 1090
New York 1616 (7.7) New York 81 380
Oregon 504 (2.4) Seattle 25 460
Pennsylvania 399 (1.9) New York 20 380
Virginia 210 (1.0) New York 11 420
Washington 13183 (62.8) Seattle 659 180
West Virginia 126 (0.6) New York 7 660
TOTAL 18243 (86.9) 913
per individual journey
Region ENERGY CO2 CO HC NOx PM
MJ kg grammes
California 6255 3583 1646.4 189.0 5485.2 449.4
Michigan 16155 929.8 4272.8 490.5 14235.4 1166.3
New York 5632 324.1 1489.6 171.0 4962.8 406.6
Oregon 6818 392.4 1803.2 207.0 6007.6 492.2
Pennsylvania 5632 324.1 1489.6 171.0 4962.8 406.6
Virginia 6225 3583 1646.4 189.0 5485.2 449.4
Washington 2668 153.5 705.6 81.0 2350.8 192.6
West Virginia 9782 563.0 2587.2 297.0 8619.6 706.2
peryear
Region ENERGY CO2 CO HC NOx PM
GJ tonnes kg
California 362.79 20.78 95.49 10.96 318.14 26.07
Michigan 856.22 49.28 226.46 26.00 754.48 61.81
New York 456.19 26.25 120.66 13.85 401.99 32.93
Oregon 170.45 9.81 45.08 5.18 150.19 12.31
Pennsylvania 112.64 6.48 29.79 3.42 99.26 8.13
Virgnia 68.48 3.94 18.11 2.08 60.34 4.94
Washington 1758.21 101.16 464.99 53.38 1549.18 126.92
West Virginia 68.47 3.94 18.11 2.08 60.34 4.94
3853.45 221.64 1018.69 116.95 3393.92 278.05
per kg apples
Region ENERGY CO2 CO HC NOx PM
MJ grammes
California 0.313 17.92 0.082 0.0095 0.274 0.225
Michigan 0.808 46.49 0.214 0.0245 0.712 0.058
New York 0.282 16.21 0.074 0.0086 0.248 0.020
Oregon 0.341 19.62 0.090 0.0104 0.300 0.025
Pennsylvania 0.282 16.21 0.074 0.0086 0.248 0.020
Virginia 0.313 17.92 0.082 0.0095 0.274 0.225
Washington 0.133 7.68 0.035 0.0041 0.118 0.010
West Virginia 0.489 20.15 0.129 0.0149 0.431 0.035
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1. Denbigh ; Apples
System One
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) (g /k g  Product)
CO2 CO HC PM NOxISOMERFIELD
to PORT 
BRITAIN 
RDC 
STORE
HOME
LANDFILL
0.563
4.004
0.299
4.307
8.26
0.308
32.414
289.19
17.19
247.80
396.6
17.68
0.149
0.890
0.079
1.166
27.8
0.105
0.017
0.223
0.009
0.137
4.162
0.0149
0.041
2.23
0.022
0.316
0.027
0.496
10.01
0.263
3.782
5.131
0.260
TOTAL 17.75 1000.8 30.19 4.563 2.636 19.95
1 SOMERFIELD
AVERAGE
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
RDC 0.017 0.98 0.005 0.0005 0.001 0.015
STORE 2.155 124.0 0.583 0.069 0.158 1.892
HOME 1.58 85.5 3.6 0.244 ---- 0.167
LANDFILL 0.102 5.83 0.036 0.005 0.0089 0.086
TOTAL 6.45 401.7 4.8 0.459 1.545 8.491
1 SOMERFIELD
MINIMUM
to PORT 0.35 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 ------ 0.198
RDC 0.333 19.15 0.088 0.010 0.024 0.293
STORE 1.289 74.1 0.349 0.041 0.095 1.131
HOME 0.35 17.1 0.06 0.007 0.017 0.043
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 2.475 141.3 0.616 0.072 0.164 2.0
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2. Denbigh : Apples
System Two
APPENDIX 3.9
Energy Emissions
( MJ / Product) (g /k g  Product)
CO2 CO HC PM NOx2 SOMERFIELD
MAXIMUM
to PORT 
BRITAIN 
RDC 
STORE 
LANDFILL
0.563
4.004
0.299
4.307
0.308
32.414
289.19
17.19
247.80
17.68
0.149
0.890
0.079
1.166
0.105
0.017
0.223
0.009
0.137
0.0149
0.041
2.23
0.022
0.316
0.027
0.496
10.01
0.263
3.782
0.260
TOTAL 9.48 604.2 2.39 0.401 2.636 14.82
2 SOMERFIELD
AVERAGE
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
RDC 0.017 0.98 0.005 0.0005 0.001 0.015
STORE 2.155 124.0 0.583 0.069 0.158 1.892
LANDFILL 0.102 5.83 0.036 0.005 0.0089 0.086
TOTAL 4.87 316.2 1.2 0.215 1.545 8.324
2 SOMERFIELD
MINIMUM
to PORT 0.35 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 — 0.198
RDC 0.333 19.15 0.088 0.010 0.024 0.293
STORE 1.289 74.1 0.349 0.041 0.095 1.131
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 2.125 124.2 0.556 0.065 0.147 1.957
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3. Denbigh : Apples
System Three
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) (g /kg  Product)
CO2 CO HC PM NOx3 SOMERFIELD
to PORT 
BRITAIN 
RDC 
STORE 
HOME
0.563
4.004
0.299
4.307
8.26
32.414
289.19
17.19
247.80
396.6
0.149
0.890
0.079
1.166
27.8
0.017
0.223
0.009
0.137
4.162
0.041
2.23
0.022
0.316
0.496
10.01
0.263
3.782
5.131
TOTAL 17.44 983.12 30.09 4.548 2.609 19.69
3 SOMERFIELD
AVERAGE
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
RDC 0.017 0.98 0.005 0.0005 0.001 0.015
STORE 2.155 124.0 0.583 0.069 0.158 1.892
HOME 1.58 85.5 3.6 0.244 —- 0.167
TOTAL 6.35 395.87 4.77 0.454 1.536 8.405
3 SOMERFIELD
MINIMUM
to PORT 0.35 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 ------ 0.198
RDC 0.333 19.15 0.088 0.010 0.024 0.293
STORE 1.289 74.1 0.349 0.041 0.095 1.131
HOME 0.35 17.1 0.06 0.007 0.017 0.043
TOTAL 2.444 139.53 0.605 0.0705 0.161 1.974
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4. Denbigh ; Apples APPENDIX 3.9
System Four
4 SOMERFIELD
MAXIMUM
to PORT 
BRITAIN 
RDC 
STORE
Energy Emissions
( MJ / kg Product) (g / kg Product)
0.563
4.004
0.299
4.307
CO2
32.414
289.19
17.19
247.80
CO
0.149
0.890
0.079
1.166
HC
0.017
0.223
0.009
0.137
PM
0.041
2.23
0.022
0.316
NOx
0.496
10.01
0.263
3.782
TOTAL 9.18 586.52 2.29 0.386 2.609 14.56
4 SOMERFIELD
AVERAGE]
to PORT 
BRITAIN 
RDC 
STORE
0.133
2.460
0.017
2.155
7.68
177.7
0.98
124.0
0.035
0.547
0.005
0.583
0.0041
0.1367
0.0005
0.069
0.01
1.367
0.001
0.158
0.118
6.151
0.015
1.892
TOTAL 4.77 310.37 2.34 0.21 1.536 8.24
4 SOMERFIELD
MINIMUM
to PORT 
BRITAIN 
RDC 
STORE 
TOTAL
0.35
0.122
0.333
1.289
2.094
20.18
9.0
19.15
74.1
122.43
0.0927
0.015
0.088
0.349
0.545
0.0106
0.0023
0.010
0.041
0.0635
0.0253
0.024
0.095
0.144
0.309
0.198
0.293
1.131
1.931
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5. Denbigh : Apples
System Five
APPENDIX 3.9
Energy Emissions
( MJ / Product) (g/kgProduct)
5 ROBERTS m a x im u m CO2 CO HC PM NOx
to PORT 0.563 32.414 0.149 0.017 0.041 0.496
BRITAIN 4.004 289.19 0.890 0.223 2.23 10.01
WHOLESALE 0307 17.66 0.081 0.009 0.022 0.27
SHOP 1.276 73.20 0.273 0.147 0.097 0.465
HOME 2.670 126.4 10.000 1.482 — 1.539
LANDFILL 0.308 17.68 0.105 0.0149 0.027 0.0206
TOTAL 9.128 556.5 11.50 1.893 2.417 12.801
5 ROBERTS a v e r a g e
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
WHOLESALE 0.007 0.43 0.002 0.0002 0.00055 0.007
SHOP 0.857 49.20 0.184 0.0980 0.065 0.312
HOME 0.990 51.30 2.600 0.1790 — 0.113
LANDFILL 0.102 5.83 0.036 0.0050 0.0089 0.0858
TOTAL 4.549 292.14 3.404 0.423 1.451 6.787
5 ROBERTS m in im u m
to PORT 0.35 20.18 0.097 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 — 0.198
WHOLESALE 0.341 19.62 0.090 0.010 0.025 0.300
SHOP 0.637 36.6 0.136 0.073 0.048 0.232
HOME 0.350 17.1 0.060 0.007 0.017 0.043
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 1.831 104.27 0.409 0.104 0.118 1.108
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6. Denbigh : Apples
System Six
APPENDIX 3.9
Energy Emissions
( MJ / Product) (g/kg Product)
COz CO HC PM NOx6 ROBERTS MAXIMUM 
to PORT 
BRITAIN 
WHOLESALE 
SHOP 
LANDFILL
0.563
4.004
0.307
1.276
0308
32.414
289.19
17.66
73.20
17.68
0.149
0.890
0.081
0.273
0.105
0.017
0.223
0.009
0.147
0.0149
0.041
2.23
0.022
0.097
0.027
0.496
10.01
0.27
0.465
0.0206
TOTAL 6.458 430.1 1.50 0.411 2.417 11.262
0.133
2.460
0.007
0.857
0.102
7.68
177.7
0.43
49.20
5.83
0.035
0.547
0.002
0.184
0.036
0.0041
0.1367
0.0002
0.0980
0.0050
0.01
1.367
0.00055
0.065
0.0089
0.118
6.151
0.007
0.312
0.0858
6  ROBERTS a v e r a g e
to PORT 
BRITAIN 
WHOLESALE
SHOP
LANDFILL
TOTAL 3.559 240.84 0.804 0.244 1.451 6.674
6  ROBERTS m in im u m
to PORT 0.35 20.18 0.097 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 —— 0.198
WHOLESALE 0.341 19.62 0.090 0.010 0.025 0300
SHOP 0.637 36.6 0.136 0.073 0.048 0.232
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 1.481 87.17 0.349 0.097 0.101 1.065
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7. Denbigh : Apples
System Seven
APPENDIX 3.9
7 ROBERTS m a x im u m  
to PORT 
BRITAIN 
WHOLESALE 
SHOP 
HOME
Energy Emissions
( MJ / kg Product)
0.563
4.004
0.307
1.276
2.670
COz
32.414
289.19
17.66
73.20
126.4
CO
0.149
0.890
0.081
0.273
10.000
(g/kg Product) 
HC PM
0.017
0.223
0.009
0.147
1.482
0.041
2.23
0.022
0.097
NOx
0.496
10.01
0.27
0.465
1.539
TOTAL 8.82 538.82 11.395 1.878 2.39 12.780
7 ROBERTS a v e r a g e
to PORT 0.133
BRITAIN 2.460
WHOLESALE 0.007
SHOP 0.857
HOME 0.990
7.68 0.035 0.0041
177.7 0.547 0.1367
0.43 0.002 0.0002
49.20 0.184 0.0980
5130 2.600 0.1790
0.01
1.367
0.00055
0.065
0.118
6.151
0.007
0.312
0.113
TOTAL 4.447 286.31 3.368 0.418 1.442 6.701
7 ROBERTS m in im u m
to PORT 0.35
BRITAIN 0.122
WHOLESALE 0.341
SHOP 0.637
HOME 0.350
TOTAL 1.80
20.18 0.097 0.0106
9.0 0.015 0.0023
19.62 0.090 0.010
36.6 0.136 0.073
17.1 0.060 0.007
102.5 0.398 0.103
0.0253
0.025
0.048
0.017
0.115
0.309
0.198
0300
0.232
0.043
1.082
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8. Denbigh ; Apples
System Eight
APPENDIX 3.9
Energy Emissions
( MJ / kg Product)
COz CO
(g/kgP roduct)
NOx
8  ROBERTS m a x im u m HC PM
to PORT 
BRITAIN 
WHOLESALE 
SHOP
0.563
4.004
0.307
1.276
32.414
289.19
17.66
73.20
0.149
0.890
0.081
0.273
0.017
0.223
0.009
0.147
0.041
2.23
0.022
0.097
0.496
10.01
0.27
0.465
TOTAL 6.150 412.42 1395 0.396 2.39 11.241
8  ROBERTS a v e r a g e
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
WHOLESALE 0.007 0.43 0.002 0.0002 0.00055 0.007
SHOP 0.857 49.20 0.184 0.0980 0.065 0.312
TOTAL 3.457 235.01 0.768 0.239 1.442 6.588
8  ROBERTS m in im u m
to PORT 0.35 20.18 0.097 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 — 0.198
WHOLESALE 0341 19.62 0.090 0.010 0.025 0.300
SHOP 0.637 36.6 0.136 0.073 0.048 0.232
TOTAL 1.45 85.4 0.338 0.096 0.098 1.039
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9. Denbigh : Apples
System Nine
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) ( g / k g  Product)
CO2 CO HC PM NOx9SOMERFIELD
MAXIMUM
RDC
STORE
HOME
LANDFILL
0327
4307
8.26
0308
18.81
247.8
396.6
17.68
0.086
1.166
27.8
0.105
0.0099
0.137
4.162
0.0149
0.0236
0.316
0.027
0.296
3.782
5.131
0.0206
TOTAL 13.20 680.89 29.16 4.324 0.367 9.23
9 SOMERFEELD
AVERAGE
RDC 0.245 14.07 0.057 0.0074 0.0177 0.225
STORE 2.155 124.0 0.583 0.069 0.158 1.892
HOME 1.58 85.5 3.6 0.244 — 0.167
LANDFILL 0.102 5.83 0.036 0.0050 0.0089 0.0858
TOTAL 4.082 229.4 4.276 0.3254 0.1846 2.37
9 SOMERFIELD
MINIMUM
RDC 0.123 7.08 0.065 0.0037 0.0089 0.118
STORE 1.289 74.1 0.349 0.041 0.095 1.131
HOME 0.35 17.1 0.06 0.007 0.017 0.043
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 1.793 100.05 0.485 0.0532 0.1236 1.318
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10. Denbigh : Apples
System Ten
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) ( g / kg Product )
CO2 CO HC PM NOx10 SOMERFIELD
MAXIMUM
RDC
STORE
LANDFILL
0.327
4.307
0.308
18.81
247.8
17.68
0.086
1.166
0.105
0.0099
0.137
0.0149
0.0236
0.316
0.027
0.296
3.782
0.0206
TOTAL 4.94 284.29 1.36 0.162 0.367 4.099
10 SOMERFIELD
AVERAGE
RDC 0.245 14.07 0.057 0.0074 0.0177 0.225
STORE 2.155 124.0 0.583 0.069 0.158 1.892
LANDFILL 0.102 5.83 0.036 0.0050 0.0089 0.0858
TOTAL 2.502 143.9 0.676 0.0814 0.1846 2.203
lOSOMERFIELD
MINIMUM
RDC 0.123 7.08 0.065 0.0037 0.0089 0.118
STORE 1.289 74.1 0.349 0.041 0.095 1.131
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 1.443 82.95 0.425 0.0462 0.1066 1.275
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11. Denbigh : Apples
System Eleven
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) ( g / kg Product )
CO2 CO HC NOx11 SOMERFIELD
MAXIMUM
RDC
STORE
HOME
PM
0.327
4.307
8.26
18.81
247.8
396.6
0.086
1.166
27.8
0.0099
0.137
4.162
0.0236
0.316
0.296
3.782
5.131
TOTAL 12.89 663.2 29.01 4.309 0.34 9.209
11 SOMERFIELD
AVERAGE
RDC 0.245 14.07 0.057 0.0074 0.0177 0.225
STORE 2.155 124.0 0.583 0.069 0.158 1.892
HOME 1.58 85.5 3.6 0.244 — 0.167
TOTAL 3.98 223.57 4.24 0.3204 0.1757 2.284
11 SOMERFIELD
MINIMUM
RDC 0.123 7.08 0.065 0.0037 0.0089 0.118
STORE 1.289 74.1 0.349 0.041 0.095 1.131
HOME 0.35 17.1 0.06 0.007 0.017 0.043
TOTAL 1.762 98.28 0.474 0.0517 0.1209 1.292
309
12. Denbigh : Apples
System Twelve
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) ( g / kg Product )
CO2 CO HC PM NOx12 SOMERFIELD
MAXIMUM
RDC
STORE
0.327
4.307
18.81
247.8
0.086
1.166
0.0099
0.137
0.0236
0.316
0.296
3.782
TOTAL 4.63 266.6 1.21 0.147 0.34 4.078
12 SOMERFIELD
AVERAGE
RDC 0.245 14.07 0.057 0.0074 0.0177 0.225
STORE 2.155 124.0 0.583 0.069 0.158 1.892
TOTAL 2.4 138.07 0.64 0.0764 0.1757 2.117
12 SOMERFIELD
MINIMUM
RDC 0.123 7.08 0.065 0.0037 0.0089 0.118
STORE 1.289 74.1 0.349 0.041 0.095 1.131
TOTAL 1.412 81.18 0.414 0.0447 0.1039 1.249
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13. Denbigh : Apples
System Thirteen
APPENDIX 3.9
13 ROBERTS m a x im u m
WHOLESALE 
SHOP
HOME 
LANDFILL
Energy Emissions
( MJ / kg Product)
0.331
1.276
2.670
0.308
CO2
19.06
73.20
126.4
17.68
CO
0.088
0.273
10.000
0.105
(g / kg Product) 
HC PM
0.0101
0.147
1.482
0.0149
0.0239
0.097
0.027
NOx
0.292
0.465
1.539
0.0206
TOTAL 4.585 236.34 10.466 1.654 0.148 2.317
13 ROBERTS a v e r a g e  
to WHOLESALE 
SHOP 
HOME 
LANDFILL
0.253
0.857
0.990
0.102
14.59 0.067 0.0077
49.20 0.184 0.0980
51.30 2.600 0.1790
5.83 0.036 0.0050
0.0183
0.065
0.0089
0.223
0.312
0.113
0.0858
TOTAL 2.202 120.92 2.887 0.2897 0.0922 0.7338
13 ROBERTS m in im u m
WHOLESALE
SHOP
HOME
LANDFILL
TOTAL
0.130
0.637
0.350
0.031
1.148
7.51
36.6
17.1
1.77
62.98
0.034
0.136
0.060
0.011
0.241
0.004
0.073
0.007
0.0015
0.0855
0.0094
0.048
0.017
0.0027
0.0771
0.115
0.232
0.043
0.026
0.416
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14. Denbigh : Apples
System Fourteen
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) (g / kg Product)
CO2 CO HC PM NOx14 ROBERTS maximum 
WHOLESALE 
SHOP 
LANDFILL
0.331
1.276
0.308
19.06
73.20
17.68
0.088
0.273
0.105
0.0101
0.147
0.0149
0.0239
0.097
0.027
0.292
0.465
0.0206
TOTAL 1.915 109.94 0.466 0.172 0.148 0.778
14 ROBERTS average
to WHOLESALE 0.253 14.59 0.067 0.0077 0.0183 0.223
SHOP 0.857 49.20 0.184 0.0980 0.065 0.312
LANDFILL 0.102 5.83 0.036 0.0050 0.0089 0.0858
TOTAL 1.212 69.62 0.287 0.1107 0.0922 0.6208
14 ROBERTS minim um
WHOLESALE 0.130 7.51 0.034 0.004 0.0094 0.115
SHOP 0.637 36.6 0.136 0.073 0.048 0.232
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 0.798 45.88 0.181 0.0785 0.0601 0.373
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15. Denbigh t Apples
System Fifteen
APPENDIX 3.9
Energy Emissions
( MJ / kg Product)
CO2 CO
(g/kgP
HC
roduct)
PM NOx15 ROBERTS maximum
WHOLESALE
SHOP
HOME
0.331
1.276
2.670
19.06
73.20
126.4
0.088
0.273
10.000
0.0101
0.147
1.482
0.0239
0.097
0.292
0.465
1.539
TOTAL 4.277 218.66 10.361 1.639 0.121 2.296
0.253
0.857
0.990
14.59
49.20
51.30
0.067
0.184
2.600
0.0077
0.0980
0.1790
0.0183
0.065
0.223
0.312
0.113
15 ROBERTS average 
to WHOLESALE 
SHOP 
HOME
TOTAL 2.100 115.09 2.851 0.2847 0.0833 0.648
0.130
0.637
0.350
7.51
36.6
17.1
0.034
0.136
0.060
0.004
0.073
0.007
0.0094
0.048
0.017
0.115
0.232
0.043
15 ROBERTS minim um
WHOLESALE
SHOP
HOME
TOTAL 1.117 61.21 0.230 0.084 0.0744 0.390
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16. Denbigh t Apples
System Sixteen
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) (g / kg Product)
CO2 CO HC PM NOx16 ROBERTS maximum
WHOLESALE
SHOP
0.331
1.276
19.06
73.20
0.088
0.273
0.0101
0.147
0.0239
0.097
0.292
0.465
TOTAL 1.607 92.26 0.361 0.157 0.121 0.757
0.253
0.857
14.59
49.20
0.067
0.184
0.0077
0.0980
0.0183
0.065
0.223
0.312
16 ROBERTS average 
to  WHOLESALE 
SHOP
TOTAL 1.110 63.79 0.251 0.1057 0.0833 0.535
0.130
0.637
7.51
36.6
0.034
0.136
0.004
0.073
0.0094
0.048
0.115
0.232
16 ROBERTS m inimum
WHOLESALE
SHOP
TOTAL 0.767 44.11 0.170 0.077 0.0574 0.347
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19. Denbigh : Apples
System Nineteen
APPENDIX 3.9
Energy Emissions
( MJ/kg Product)
CO2 CO
( g / k g P
HC
r o d u c t )
PM NOx19 ROWLANDS m axim um
SHOP
HOME
LANDFILL
0.106
2.670
0.308
6.1
126.4
17.68
0.023
10.000
0.105
0.012
1.482
0.0149
0.006
0.027
0.028
1.539
0.0206
TOTAL 3.084 150.18 10.128 1.51 0.033 1.588
0.071
0.990
0.102
4.1
51.30
5.83
0.015
2.600
0.036
0.008
0.1790
0.0050
0.005
0.0089
0.026
0.113
0.0858
19 ROWLANDS a v e r a g e  
SHOP 
HOME 
LANDFILL
TOTAL 1.163 61.23 2.651 0.192 0.0139 0.225
0.053
0.350
0.031
3.0
17.1
1.77
0.012
0.060
0.011
0.006
0.007
0.0015
0.004
0.017
0.0027
0.0019
0.043
0.026
19 ROWLANDS m inim um
SHOP
HOME
LANDFILL
TOTAL 0.434 21.87 0.083 0.0145 0.0237 0.071
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20. Denbigh : Apples
System Twenty
APPENDIX 3.9
Energy Emissions
(MJ/kg Product) (g / kg Product)
CO2 CO HC NOx20 ROWLANDS maximum PM
SHOP
HOME
0.106
2.670
6.1
126.4
0.023
10.000
0.012
1.482
0.006 0.028
1.539
TOTAL 2.776 132.50 10.023 1.495 0.006 1.567
20 ROWLANDS average 
SHOP 0.071 4.1 0.015 0.008 0.005 0.026
HOME 0.990 51.30 2.600 0.1790 ---- 0.113
TOTAL 1.061 55.40 2.615 0.187 0.005 0.139
20 ROWLANDS minimum  
SHOP 0.053 3.0 0.012 0.006 0.004 0.0019
HOME 0.350 17.1 0.060 0.007 0.017 0.043
TOTAL 0.403 20.10 0.072 0.013 0.021 0.045
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21. Denbigh : Apples
System Twenty One
APPENDIX 3.9
Energy Emissions
MJ / kg Product)
CO2 CO
( g / k g P
HC
r o d u c t )
PM NOx21 ROWLANDS m axim um
SHOP
LANDFILL
0.106
0.308
6.1
17.68
0.023
0.105
0.012
0.0149
0.006
0.027
0.028
0.0206
TOTAL 0.414 23.78 0.128 0.028 0.033 0.049
0.071
0.102
4.1
5.83
0.015
0.036
0.008
0.0050
0.005
0.0089
0.026
0.0858
21 ROWLANDS a v e r a g e  
SHOP 
LANDFILL
TOTAL 0.173 9.93 0.051 0.013 0.0139 0.112
0.053
0.031
3.0
1.77
0.012
0.011
0.006
0.0015
0.004
0.0027
0.0019
0.026
21 ROWLANDS m inim um
SHOP
LANDFILL
TOTAL 0.084 4.77 0.023 0.0075 0.0067 0.028
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22. Denbigh : Apples
System Twenty Two
APPENDIX 3.9
Energy Emissions
(MJ/kg Product)
CO2 CO
( g / % P
HC
roduct)
PM NOx22 ROWLANDS maximum  
SHOP 0.106 6.1 0.023 0.012 0.006 0.028
TOTAL 0.106 6.1 0.023 0.012 0.006 0.028
0.071 4.1 0.015 0.008 0.005 0.026
22 ROWLANDS a v e r a g e  
SHOP
TOTAL 0.071 4.1 0.015 0.008 0.005 0.026
0.053 3.0 0.012 0.006 0.004 0.0019
22 ROWLANDS minimum  
SHOP
TOTAL 0.053 3.0 0.012 0.006 0.004 0.0019
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23. Denbigh : Apples
System Twenty Three
APPENDIX 3.9
Energy Emissions
( MJ / kg Product) (g/% Product)
CO2 CO HC23 DEER MAXIMUM PM NOx
HOME
LANDFILL
0.345
0.308
19.80
17.68
0.075
0.105
0.041
0.0149
0.026
0.027
0.127
0.0206
TOTAL 0.653 37.48 0.18 0.056 0.053 0.148
23 DEER AVERAGE
HOME 0.173 9.90 0.038 0.021 0.013 0.064
LANDFILL 0.102 5.83 0.036 0.005 0.0089 0.0858
TOTAL 0.275 15.73 0.074 0.026 0.0219 0.15
23 DEER minim um
HOME 0.115 6.6 0.025 0.014 0.009 0.042
LANDFILL 0.031 1.77 0.011 0.0015 0.0027 0.026
TOTAL 0.146 837 0.036 0.0155 0.0117 0.068
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24. Denbigh ; Apples APPENDIX 3.9
System Twenty Four
24 DEER MAXIMUM
HOME
Energy Emissions
( MJ / kg Product) (g/kg Product)
0.345
CO2
19.80
CO
0.075
HC
0.041
PM
0.026
NOx
0.127
TOTAL 0.345 19.80 0.075 0.0411 0.026 0.1274
24 DEER AVERAGE
HOME 0.173 9.90 0.038 0.021 0.013 0.064
TOTAL 0.173 9.90 0.038 0.021 0.013 0.0642
24 DEER m inim um
HOME
TOTAL
0.115
0.115
6.6
6.6
0.025
0.025
0.014
0.014
0.009
0.009
0.042
0.042
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29. Denbigh : Apples
System Twenty Nine
APPENDIX 3.9
Energy Emissions
( MJ / kg Product)
€02 CO
(g/kgP
HC
roduct)
PM NOx29 HOME GROWN
MAXIMUM
LANDFILL 0.308 17.68 0.105 0.0149 0.027 0.0206
TOTAL 0.308 17.68 0.105 0.0149 0.027 0.0206
0.102 5.83 0.036 0.005 0.0089 0.0858
29 HOME GROWN
AVERAGE
LANDFILL
TOTAL 0.102 5.83 0.036 0.005 0.0089 0.0858
0.031 1.77 0.011 0.0015 0.0027 0.026
29 HOME GROWN
MINIMUM
LANDFILL
TOTAL 0.031 1.77 0.011 0.0015 0.0027 0.026
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1. Brixton: Apples
System One Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g/kgProduct)
1 TESCO MAXIMUM CO2 CO HC PM NOx
to PORT 0.563 32.41 0.149 0.017 0.041 0.496
BRITAIN 4.004 289.19 0.890 0.223 2.23 10.01
RDC 0.030 1.71 0.008 0.001 0.002 0.026
STORE 1.311 75.40 0.399 0.0530 0.105 1.132
HOME 4.30 196.80 19.60 2.870 — 2.04
LANDFILL 0.229 13.87 0.075 0.0136 0.0155 0.199
TOTAL 10.437 60939 21.12 3.179 2.393 13.903
1 TESCO AVERAGE
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
RDC 0.102 5.89 0.027 0.003 0.007 0.090
STORE 0.656 37.7 0.200 0.0260 0.053 0.566
HOME 1.04 51.30 3.07 0.21 ----- 0.13
LANDFILL 0.076 4.58 0.025 0.0045 0.0051 0.0657
TOTAL 4.466 284.85 3.904 0.3845 1.442 7.121
1 TESCO MINIMUM
to PORT 035 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 — 0.198
RDC 0.042 2.43 0.011 0.001 0.003 0.037
STORE 0.291 16.70 0.089 0.012 0.023 0.251
HOME 0.19 11.1 0.054 0.0065 0.017 0.030
LANDFILL 0.023 1.387 0.0075 0.0014 0.0020 0.026
TOTAL 1.018 60.80 0.2695 0.0339 0.070 0.845
322
2. Brixton: Apples
System Two Energy
APPENDIX 3.10
Emissions
( MJ / kg Product)
CO2 CO
(g/kgProduct)
NOx2 TESCO MAXIMUM HC PM
to PORT
BRITAIN
RDC
STORE
LANDFILL
0.563
4.004
0.030
1.311
0.229
32.41
289.19
1.71
75.40
13.87
0.149
0.890
0.008
0.399
0.075
0.017
0.223
0.001
0.0530
0.0136
0.041
2.23
0.002
0.105
0.0155
0.496
10.01
0.026
1.132
0.199
TOTAL 6.137 412.59 1.52 0.309 2.393 11.863
2 TESCO AVERAGE
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
RDC 0.102 5.89 0.027 0.003 0.007 0.090
STORE 0.656 37.7 0.200 0.0260 0.053 0.566
LANDFILL 0.076 4.58 0.025 0.0045 0.0051 0.0657
TOTAL 3.426 233.55 0.834 0.1745 1.442 6.991
2 TESCO MINIMUM
to PORT 0.35 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 — 0.198
RDC 0.042 2.43 0.011 0.001 0.003 0.037
STORE 0.291 16.70 0.089 0.012 0.023 0.251
LANDFILL 0.023 1.387 0.0075 0.0014 0.0020 0.026
TOTAL 0.828 49.70 0.2155 0.0274 0.0529 0.815
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3. Brixton: Apples
System Three Energy
APPENDIX 3.10
Emissions
( MJ / kg Product)
CO2 CO
(g/kgProduct)
NOx3 TESCO MAXIMUM HC PM
to PORT 
BRITAIN 
RDC 
STORE 
HOME
0.563
4.004
0.030
1.311
4.30
32.41
289.19
1.71
75.40
196.80
0.149
0.890
0.008
0.399
19.60
0.017
0.223
0.001
0.0530
2.870
0.041
2.23
0.002
0.105
0.496
10.01
0.026
1.132
2.04
TOTAL 10.208 595.52 21.05 3.165 2378 13.704
3 TESCO AVERAGE 
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
RDC 0.102 5.89 0.027 0.003 0.007 0.090
STORE 0.656 37.7 0.200 0.0260 0.053 0.566
HOME 1.04 51.30 3.07 0.21 — 0.13
TOTAL 4390 280.27 3.879 0.380 1.437 7.055
3 TESCO MINIMUM 
to PORT 0.35 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 0.198
RDC 0.042 2.43 0.011 0.001 0.003 0.037
STORE 0.291 16.70 0.089 0.012 0.023 0.251
HOME 0.19 11.1 0.054 0.0065 0.017 0.030
TOTAL 0.995 59.41 0.262 0.0325 0.0683 0.825
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4. Brixton; Apples APPENDIX 3.10
System Four
4 TESCO MAXIMUM 
to PORT 
BRITAIN 
RDC 
STORE
Energy Emissions
( MJ / kg Product)
0.563
4.004
0.030
1311
CO2
32.41
289.19
1.71
75.40
CO
0.149
0.890
0.008
0.399
(g / Product) 
HC PM
0.017
0.223
0.001
0.0530
0.041
2.23
0.002
0.105
NOx
0.496
10.01
0.026
1.132
TOTAL 5.908 398.72 1.45 0.295 2.378 11.66
4 TESCO AVERAGE
to PORT 
BRITAIN 
RDC
STORE
0.133
2.460
0.102
0.656
7.68
177.7
5.89
37.7
0.035
0.547
0.027
0.200
0.0041
0.1367
0.003
0.0260
0.01
1.367
0.007
0.053
0.118
6.151
0.090
0.566
TOTAL 3.350 228.97 0.809 0.170 1.437 6.925
4 TESCO MINIMUM
to PORT 
BRITAIN 
RDC 
STORE 
TOTAL
035
0.122
0.042
0.291
0.805
20.18
9.0
2.43
16.70
48.31
0.0927
0.015
0.011
0.089
0.208
0.0106
0.0023
0.001
0.012
0.0205
0.0253
0.003
0.023
0.0513
0309
0.198
0.037
0.251
0.795
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5. Brixton: Apples
System Five Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g/kg Product)
5 MARKET m a x i m u m CO2 CO HC PM NOx
to PORT 0.563 32.41 0.149 0.017 0.041 0.496
BRITAIN 4.004 289.19 0.890 0.223 2.23 10.01
WHOLESALE 0.058 3.33 0.015 0.002 0.004 0.051
SHOP 0.045 2.60 0.011 0.006 0.004 0.018
HOME 1.610 73.80 7.40 1.080 ----- 0.760
LANDFILL 0.229 13.87 0.075 0.0136 0.0155 0.199
TOTAL 6.509 415.20 8.54 1.342 2.294 11.534
5 MARKET a v e r a g e
to PORT 0.133 7.68 0.035 0.0041 0.01 0.118
BRITAIN 2.460 177.7 0.547 0.1367 1.367 6.151
WHOLESALE 0.096 5.54 0.025 0.003 0.007 0.085
SHOP 0.030 1.70 0.008 0.004 0.003 0.012
HOME 0.690 32.60 2.050 0.140 — 0.080
LANDFILL 0.076 4.58 0.025 0.0045 0.0051 0.0657
TOTAL 3.485 229.80 2.690 0.292 1.392 6.512
5 MARKET m i n im u m
to PORT 0.35 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 ------ 0.198
WHOLESALE 0.087 5.03 0.023 0.0030 0.006 0.077
SHOP 0.023 1.30 0.006 0.0030 0.002 0.009
HOME 0.190 11.10 0.054 0.0065 0.017 0.030
LANDFILL 0.023 1.387 0.0075 0.0014 0.0020 0.026
TOTAL 0.795 48.00 0.1985 0.0268 0.0519 0.643
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6. Brixton; Apples
System Six
6  MARKET m aximum
to PORT
BRITAIN
WHOLESALE
SHOP
LANDFILL
Energy
APPENDIX 3.10
Emissions
( MJ / kg Product)
0.563
4.004
0.058
0.045
0.229
CO2
32.41
289.19
3.33
2.60
13.87
CO
0.149
0.890
0.015
0.011
0.075
(g/kg Product) 
HC PM
0.017
0.223
0.002
0.006
0.0136
0.041
2.23
0.004
0.004
0.0155
NOx
0.496
10.01
0.051
0.018
0.199
TOTAL 4.899 341.4 1.14 0.2617 2.294 10.774
6 MARKET average
to PORT 0.133
BRITAIN 2.460
WHOLESALE 0.096
SHOP 0.030
LANDFILL 0.076
TOTAL 2.795
7.68
177.7
5.54
1.70
4.58
0.035
0.547
0.025
0.008
0.025
0.0041
0.1367
0.003
0.004
0.0045
0.01
1.367
0.007
0.003
0.0051
0.118
6.151
0.085
0.012
0.0657
197.2 0.6475 0.1525 1.392 6.432
6 MARKET minim um
to PORT 
BRITAIN 
WHOLESALE
SHOP
LANDFILL
TOTAL
035
0.122
0.087
0.023
0.023
0.605
20.18 0.0927 0.0106
9.0 0.015 0.0023
5.03 0.023 0.0030
1.30 0.006 0.0030
1387 0.0075 0.0014
36.90 0.1445 0.0203
0.0253
0.006
0.002
0.0020
0.0349
0309
0.198
0.077
0.009
0.026
0.613
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7. Brixton: Apples
System Seven Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g / Product)
CO2 CO HC PM NOx7 MARKET m a x im u m  
to PORT 
BRITAIN 
WHOLESALE 
SHOP 
HOME
0.563
4.004
0.058
0.045
1.610
32.41
289.19
3.33
2.60
73.80
0.149
0.890
0.015
0.011
7.40
0.017
0.223
0.002
0.006
1.080
0.041
2.23
0.004
0.004
0.496
10.01
0.051
0.018
0.760
TOTAL 6.280 401.33 8.465 1.328 2.279 11.335
0.133
2.460
0.096
0.030
0.690
7.68
177.7
5.54
1.70
32.60
0.035
0.547
0.025
0.008
2.050
0.0041
0.1367
0.003
0.004
0.140
0.01
1.367
0.007
0.003
0.118
6.151
0.085
0.012
0.080
7 MARKET a v e r a g e  
to PORT 
BRITAIN 
WHOLESALE 
SHOP 
HOME
TOTAL 3.409 225.22 2.665 0.288 1.387 6.446
7 MARKET m in im u m
to PORT 0.35 20.18 0.0927 0.0106 0.0253 0.309
BRITAIN 0.122 9.0 0.015 0.0023 — 0.198
WHOLESALE 0.087 5.03 0.023 0.0030 0.006 0.077
SHOP 0.023 1.30 0.006 0.0030 0.002 0.009
HOME 0.190 11.10 0.054 0.0065 0.017 0.030
TOTAL 0.772 46.61 0.191 0.0254 0.0503 0.623
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8. Brixton: Apples
System Eight
8  MARKET m a x im u m  
to PORT 
BRITAIN 
WHOLESALE 
SHOP
Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g/kg Product)
0.563
4.004
0.058
0.045
CO2
32.41
289.19
3.33
2.60
CO
0.149
0.890
0.015
0.011
HC
0.017
0.223
0.002
0.006
PM
0.041
2.23
0.004
0.004
NOx
0.496
10.01
0.051
0.018
TOTAL 4.670 327.53 1.065 0.248 2.279 10.575
8 MARKET a v e r a g e  
to PORT 
BRITAIN 
WHOLESALE 
SHOP
0.133
2.460
0.096
0.030
7.68
177.7
5.54
1.70
0.035
0.547
0.025
0.008
0.0041
0.1367
0.003
0.004
0.01
1.367
0.007
0.003
0.118
6.151
0.085
0.012
TOTAL 2.719 192.62 0.615 0.148 1.387 6.366
8 MARKET m in im u m
to PORT 
BRITAIN 
WHOLESALE 
SHOP 
TOTAL
0.35
0.122
0.087
0.023
0.582
20.18
9.0
5.03
1.30
35.51
0.0927
0.015
0.023
0.006
0.137
0.0106
0.0023
0.0030
0.0030
0.0189
0.0253
0.006
0.002
0.0333
0.309
0.198
0.077
0.009
0.593
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9. Brixton: Apples
System Nine
9 TESCO MAXIMUM
RDC
STORE
HOME
LANDFHJL
Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g /kg  Product )
0.222
1.311
4 3 0
0.229
CO2
12.76
75.40
196.80
13.87
CO
0.059
0 3 9 9
19.60
0.075
HC
0.0068
0.0530
2.870
0.0136
PM
0.0094
0.105
0.0155
NOx
0.196
1.132
2.04
0.199
TOTAL 6.062 298.83 20.133 2.944 0.1299 3.566
9 TESCO AVERAGE
RDC
STORE
HOME
LANDFILL
0.091
0.656
1.04
0.076
5.25 0.036 0.0028
37.7 0.200 0.0260
51.30 3.07 0.21
4.58 0.025 0.0045
0.0072
0.053
0.0051
0.080
0.566
0.13
0.0657
TOTAL 1.863 98.83 3.331 0.2433 0.0653 0.8419
9 TESCO MINIMUM
RDC
STORE
HOME
LANDFILL
TOTAL
0.022
0.291
0.19
0.023
0.526
1.28
16.70
11.1
1.387
30.467
0.006
0.089
0.054
0.0075
0.1565
0.0007
0.012
0.0065
0.0014
0.0206
0.020
0.023
0.017
0.0020
0.062
0.0045
0.251
0.030
0.026
0.3115
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10. Brixton: Apples
System Ten Energy
APPENDIX 3.10
Emissions
( MJ / kg Product)
CO2 CO
( g / k g l
HC
*roduct ) 
PM NOx10 TESCO MAXIMUM
RDC
STORE
LANDFILL
0.222
1.311
0.229
12.76
75.40
13.87
0.059
0399
0.075
0.0068
0.0530
0.0136
0.0094
0.105
0.0155
0.196
1.132
0.199
TOTAL 1.762 102.03 0.533 0.074 0.1299 1.526
0.091
0.656
0.076
5.25
37.7
4.58
0.036
0.200
0.025
0.0028
0.0260
0.0045
0.0072
0.053
0.0051
0.080
0.566
0.0657
10 TESCO AVERAGE 
RDC
STORE
LANDFILL
TOTAL 0.823 47.53 0.261 0.0333 0.0653 0.7119
0.022
0.291
0.023
1.28
16.70
1.387
0.006
0.089
0.0075
0.0007
0.012
0.0014
0.020
0.023
0.0020
0.0045
0.251
0.026
10 TESCO MINIMUM
RDC
STORE
LANDFILL
TOTAL 0.336 19.367 0.1025 0.0141 0.045 0.2815
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11. Brixton: Apples
System Eleven Energy
APPENDIX 3.10
Emissions
( MJ / kg Product)
CO2 CO
( g / k g l
HC
•roduct ) 
PM NOx11 TESCO MAXIMUM
RDC
STORE
HOME
0.222
1311
430
12.76
75.40
196.80
0.059
0399
19.60
0.0068
0.0530
2.870
0.0094
0.105
0.196
1.132
2.04
TOTAL 5.833 284.96 20.058 2.930 0.1144 3.367
0.091
0.656
1.04
5.25
37.7
51.30
0.036
0.200
3.07
0.0028
0.0260
0.21
0.0072
0.053
0.080
0.566
0.13
11 TESCO AVERAGE
RDC
STORE
HOME
TOTAL 1.787 94.25 3.306 0.2388 0.0602 0.7762
0.022
0.291
0.19
1.28
16.70
11.1
0.006
0.089
0.054
0.0007
0.012
0.0065
0.020
0.023
0.017
0.0045
0.251
0.030
11 TESCO MINIMUM
RDC
STORE
HOME
TOTAL 0.503 29.08 0.149 0.0192 0.060 0.2855
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12. Brixton: Apples
System Twelve Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g /k g  Product)
12 TESCO MAXIMUM CO2 CO HC PM NOx
RDC 0.222 12.76 0.059 0.0068 0.0094 0.196
STORE 1.311 75.40 0.399 0.0530 0.105 1.132
TOTAL 1.533 88.16 0.458 0.060 0.1144 1.327
12 TESCO AVERAGE
RDC 0.091 5.25 0.036 0.0028 0.0072 0.080
STORE 0.656 37.7 0.200 0.0260 0.053 0.566
TOTAL 0.747 42.95 0.236 0.0288 0.0602 0.6462
12 TESCO MINIMUM
RDC 0.022 1.28 0.006 0.0007 0.020 0.0045
STORE 0.291 16.70 0.089 0.012 0.023 0.251
TOTAL 0.313 17.98 0.095 0.0127 0.043 0.2555
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13. Brixton: Apples
System Thirteen
13 MARKETmaximum
WHOLESALE
SHOP
HOME
LANDFILL
Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g/kg Product)
0.170
0.045
1.610
0.229
CO2
9.81
2.60
73.80
13.87
CO
0.045
0.011
7.40
0.075
HC
0.0052
0.006
1.080
0.0136
PM
0.0123
0.004
0.0155
NOx
0.150
0.018
0.760
0.199
TOTAL 2.054 100.08 7.531 1.1048 0.0318 1.127
13 MARKET average 
to WHOLESALE
SHOP
HOME
LANDFILL
0.129
0.030
0.690
0.076
7.42 0.034 0.0039
1.70 0.008 0.004
32.60 2.050 0.140
4.58 0.025 0.0045
0.0093
0.003
0.0051
0.114
0.012
0.080
0.0657
TOTAL 0.925 46.3 2.117 0.1524 0.0174 0.2717
13 MARKET m inim um
WHOLESALE
SHOP
HOME
LANDFILL
TOTAL
0.065
0.023
0.190
0.023
0.301
3.75 0.017 0.002
1.30 0.006 0.003
11.10 0.054 0.0065
1.387 0.0075 0.0014
17.537 0.0845 0.0129
0.0047
0.002
0.017
0.0020
0,0257
0.057
0.009
0.030
0.026
0.122
334
14. Brixton: Apples
System Fourteen Energy
APPENDIX 3.10
Emissions
( MJ / kg Product)
CO2 CO
(g/kgP roduct)
NOx14 M A R K E T maximum HC PM
WHOLESALE
SHOP
LANDFILL
0.170
0.045
0.229
9.81
2.60
13.87
0.045
0.011
0.075
0.0052
0.006
0.0136
0.0123
0.004
0.0155
0.150
0.018
0.199
TOTAL 0.444 26.28 0.131 0.0248 0.0318 0.367
14 MARKET average
to WHOLESALE 0.129 7.42 0.034 0.0039 0.0093 0.114
SHOP 0.030 1.70 0.008 0.004 0.003 0.012
LANDFILL 0.076 4.58 0.025 0.0045 0.0051 0.0657
TOTAL 0.235 13.7 0.067 0.0124 0.0174 0.1917
14 MARKET mbvimum
WHOLESALE 0.065 3.75 0.017 0.002 0.0047 0.057
SHOP 0.023 1.30 0.006 0.003 0.002 0.009
LANDFILL 0.023 1.387 0.0075 0.0014 0.0020 0.026
TOTAL 0.111 6.437 0.0305 0.0064 0.0087 0.092
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15. Brixton; Apples
System Fifteen Energy
APPENDIX 3.10
Emissions
( MJ / kg Product)
CO2 CO
(g/kgP
HC
roduct)
PM NOx15 M A R K E T maximum
WHOLESALE
SHOP
HOME
0.170
0.045
1.610
9.81
2.60
73.80
0.045
0.011
7.40
0.0052
0.006
1.080
0.0123
0.004
0.150
0.018
0.760
TOTAL 1.825 86.21 7.456 1.109 0.0163 0.928
0.129
0.030
0.690
7.42
1.70
32.60
0.034
0.008
2.050
0.0039
0.004
0.140
0.0093
0.003
0.114
0.012
0.080
15 MARKET average 
to WHOLESALE
SHOP
HOME
TOTAL 0.849 41.72 2.092 0.1479 0.0123 0.206
0.065
0.023
0.190
3.75
I.30
II.10
0.017
0.006
0.054
0.002
0.003
0.0065
0.0047
0.002
0.017
0.057
0.009
0.030
15 MARKET minimum
WHOLESALE
SHOP
HOME
TOTAL 0.278 16.150 0.077 0.0115 0.0237 0.096
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16. Brixton: Apples
System Sixteen Energy
AJPPENDIX 3.10
Emissions
( MJ / kg Product) (g/kg Product)
CO2 CO HC PM NOx16 M A R K E T m a x im u m
WHOLESALE
SHOP
0.170
0.045
9.81
2.60
0.045
0.011
0.0052
0.006
0.0123
0.004
0.150
0.018
TOTAL 0.215 12.41 0.056 0.029 0.0163 0.168
16 MARKET a v e r a g e
to  WHOLESALE 0.129 7.42 0.034 0.0039 0.0093 0.114
SHOP 0.030 1.70 0.008 0.004 0.003 0.012
TOTAL 0.159 9.12 0.042 0.0079 0.0123 0.126
16 MARKET m inim um
WHOLESALE 0.065 3.75 0.017 0.002 0.0047 0.057
SHOP 0.023 1.30 0.006 0.003 0.002 0.009
TOTAL 0.088 5.05 0.023 0.005 0.0067 0.066
337
17. Brixton; Apples APPENDIX 3.10
System Seventeen
17 BOX S C H E M E maximum
DEPOT
HOME
LANDFILL
Energy Emissions
( MJ / kg Product)
0.089
0.171
0.229
CO2
5.12
9.80
13.87
CO
0.024
0.043
0.075
(g /kg Product)
HC PM
0.0027
0.024
0.0136
0.0064
0.014
0.0155
NOx
0.078
0.068
0.199
TOTAL 0.489 28.79 0.142 0.0403 0.0359 0.345
17 BOX SCHEME AVERAGE 
DEPOT 
HOME
LANDFILL
0.074
0.114
0.076
4.27
6.50
4,58
0.020
0.028
0.025
0.0023
0.016
0.0045
0.0054
0.0090
0.0051
0.065
0.045
0.0657
TOTAL 0.264 15.35 0.073 0.0228 0.0195 0.1757
17 BOX SCHEME MiNMUM 
DEPOT 
HOME 
LANDFILL
TOTAL
0.059
0.086
0.023
0.168
3.41
4.90
1.387
9.697
0.016
0.021
0.0075
0.0445
0.0018
0.0120
0.0014
0.0152
0.0043
0.0070
0.0020
0.0133
0.052
0.034
0.026
0.112
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18. Brixton; Apples APPENDIX 3.10
System Eighteen
18 BOX SCHEME,
DEPOT
HOME
Energy Emissions
( MJ / kg Product)
0.089
0.171
CO2
5.12
9.80
CO
0.024
0.043
(g /kg  Product)
HC PM
0.0027
0.024
0.0064
0.014
NOx
0.078
0.068
TOTAL 0.260 14.92 0.067 0.0267 0.0204 0.146
18 BOX SCHEME average 
DEPOT 
HOME
0.074
0.114
4.27
6.50
0.020
0.028
0.0023
0.016
0.0054
0.0090
0.065
0.045
TOTAL 0.188 10.77 0.048 0.0183 0.0144 0.110
18 BOX SCHEME minmdm 
DEPOT 
HOME
TOTAL
0.059
0.086
0.145
3.41
4.90
8.31
0.016
0.021
0.037
0.0018
0.0120
0.0138
0.0043
0.0070
0.0113
0.052
0.034
0.086
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25. Brixton: Apples APPENDIX 3.10
System Twenty Five
25 LOCAL MAXIMUM
PICKUP
LANDFILL
Energy Emissions
( MJ / kg Product)
2.150
0.229
CO2
98.40
13.87
CO
9.800
0.075
(g /  kg Product)
HC PM
1.430
0.0136 0.0155
NOx
1.020
0.199
TOTAL 2.379 112.27 9.875 1.444 0.0155 1.219
25 LOCAL AVERAGE
PICK UP 
LANDFILL
0.690
0.076
32.60
4.58
2.050
0.025
0.140
0.0045 0.0051
0.080
0.0657
TOTAL 0.766 37.18 2.075 0.1445 0.0051 0.146
25 LOCAL MINMUM
PICKUP
LANDFILL
TOTAL
0.190
0.023
0.213
11.10
1.387
12.487
0.054
0.0075
0.062
0.0065
0.0014
0.0079
0.0170
0.0020
0.019
0.030
0.026
0.056
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26. Brixton: Apples APPENDIX 3.10
System Twenty Six
26 LOCAL MAXIMUM
LANDFILL
Energy Emissions
( MJ / kg Product)
0.229
CO2
13.87
CO
0.075
(g /  kg Product)
HC PM
0.0136 0.0155
NOx
0.199
TOTAL 0.229 13.87 0.075 0.0136 0.0155 0.199
26 LOCAL AVERAGE
LANDFILL 0.076 4.58 0.025 0.0045 0.0051 0.0657
TOTAL 0.076 4.58 0.025 0.0045 0.0051 0.0657
26 LOCAL MINMUM
LANDFILL
TOTAL
0.023
0.023
1.387
1.387
0.0075
0.0075
0.0014
0.0014
0.0020
0.0020
0.026
0.026
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27. Brixton; Apples
System Twenty Seven
APPENDIX 3.10
Energy Emissions
( MJ /  kg Product) (g /  kg Product)
CO2 CO HC PM NOx27 LOCAL MAXIMUM
PICKUP 2.150 98.40 9.800 1.430 1.020
TOTAL 2.150 98.40 9.800 1.430 1.020
0.690 32.60 2.050 0.140 0.080
27 LOCAL AVERAGE
PICKUP
TOTAL 0.690 32.60 2.050 0.140 — 0.080
0.190 11.10 0.054 0.0065 0.0170 0.030
27 LOCAL MINMUM
PICKUP
TOTAL 0.190 11.10 0.054 0.0065 0.0170 0.030
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29. Brixton; Apples
System Twenty Nine
29 HOME GROWN
MAXIMUM
LANDFILL
Energy
APPENDIX 3.10
Emissions
( MJ / kg Product) (g/kg Product)
0.229
CO2
13.87
CO
0.075
HC
0.0136
PM
0.0155
NOx
0.199
TOTAL 0.229 13.87 0.075 0.0136 0.0155 0.199
29 HOME GROWN
AVERAGE
LANDFILL 0.076 4.58 0.025 0.0045 0.0051 0.0657
TOTAL 0.076 4.58 0.025 0.0045 0.0051 0.0657
29 HOME GROWN
MINIMUM
LANDFILL
TOTAL
0.023
0.023
1.387
1.387
0.0075
0.0075
0.0014
0.0014
0.0020
0.0020
0.026
0.026
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APPENDIX3.il
Denbigh: minimum energy consumntion
SYSTEM NUMBER 1 2 3 4 5 6 TOTAL
OF F.XF.RGV
STAGES TO PORT TO BRITAIN TO DISTRIBUTION TO RETAIL HOME TO LANDFILL CONSUMPTION
1 6 0.35 (14.2) 0.122 (4.9) 0.333 13.5) 1.289 52.2) 0.35 (14.2) 0.031 (1.3) 2.47
2 5 0.35 (16.4) 0.122 (5.7) 0.333 15.6) 1.289 60.5) 0.031 (1.5) 2.13
3 5 0.35 (14.3) 0.122 (5.0) 0.333 13.6) 1.289 52.8) 0.35 (14.3) 2.44
4 4 0.35 (16.7) 0.122 (5.8) 0.333 15.9) 1.289 61.7) 2.09
5 6 0.35 (19.1) 0.122 (6.7) 0.341 18.6) 0.637 34.8) 0.35 (19.1) 0.031 (1.7) 1.83
6 5 0.35 (23.6) 0.122 (82) 0.341 23.0) 0.637 43.0) 0.031 (2.1) 1.48
7 5 0.35 (19.4) 0.122 (6.8) 0.341 18.9) 0.637 35.4) 0.35 (19.4) 1.80
8 4 0.35 (24.1) 0.122 (8.4) 0.341 23.5) 0.637 43.9) 1.45
9 4 0.123 6.9) 1.289 72.0) 0.35 (19.6) 0.031 (1.7) 1.79
10 3 0.123 8.5) 1.289 89.5) 0.031 (2.2) 1.44
11 3 0.123 7.0) 1.289 73.2) 0.35 (19.9) 1.76
12 2 0.123 8.7) 1.289 91.4) 1.41
13 4 0.130 11.3) 0.637 55.4) 0.35 (30.4) 0.031 (2.7) 1.15
14 3 0.130 16.3) 0.637 79.6) 0.031 (3.9) 0.80
15 3 0.130 11.6) 0.637 56.9) 0.35 (31.3) 1.12
16 2 0.130 16.9) 0.637 82.7) 0.77
19 3 0.053 12.3) 0.35 (81.4) 0.031 (7.2) 0.43
20 2 0.053 13.3) 0.35 (87.5) 0.40
21 2 0.053 62.5) 0.031 (37.5) 0.08
22 1 0.053 100) 0.05
23 2 0.115(78.7) 0.031 (21.2) 0.15
24 1 0.115(100) 0.12
29 1 0.031 (100) 0.03
30 0 0
Note: the figures in brackets represent the percentage of the total transport system energy consumption of each transport stage.
Denbigh: average energy consumntion
SYSTEM NUMBER 1 2 3 4 5 6 TOTAL
OF ENERGY
STAGES TO PORT TO BRITAIN TO DISTRIBUTION TO RETAIL HOME TO LANDFILL CONSUMPTIOr"
1 6 0.133 (2.1) 2.46 (38.1) 0.017 (0.3) 2.155 (33.4) 1.58 (24.5) 0.102 (1 .6) 6.45
2 5 0.133 (2.7) 2.46 (50.5) 0.017 (0.3) 2.155 (44.3) 0.102 (2.1) 4.87
3 5 0.133 (2.1) 2.46 (38.7) 0.017 (0.3) 2.155 (33.9) 1.58 (24.9) 6.35
4 4 0.133 (2.8) 2.46 (51.6) 0.017 (0.4) 2.155 (45.2) 4.77
5 6 0.133 (2.9) 2.46 (54.1) 0.007 (0.2) 0.857 (18.8) 0.99 (21.8) 0.102 (2 .2 ) 4.55
6 5 0.133 (3.7) 2.46 (69.1) 0.007 (0 .2) 0.857 (24.1) 0.102 (2.9) 3.56
7 5 0.133 (3.0) 2.46 (55.3) 0.007 (0.2) 0.857 (19.3) 0.99 (22.2) 4.45
8 4 0.133 (3.8) 2.46 (71.1) 0.007 (0.2) 0.857 (24.8) 3.46
9 4 0.245 (6.0) 2.155 (52.8) 1.58 (38.7) 0.102 (2.5) 4.08
10 3 0.245 (9.8) 2.155 (86.2) 0.102 (4.1) 2.50
11 3 0.245 (6 .2) 2.155 (54.1) 1.58 (39.7) 3.98
12 2 0.245 (10 .2) 2.155 (89.8) 2.40
13 4 0.253 (11.5) 0.857 (39.0) 0.99 (45.0) 0.102 (4.6) 2.20
14 3 0.253 (20.9) 0.857 (70.8) 0.102 (8.4) 1.21
15 3 0.253 (12 .0) 0.857 (40.8) 0.99 (47.1) 2.10
16 2 0.253 (22.8) 0.857 (77.3) 1.11
19 3 0.071 (6 .1) 0.99 (85.3) 0.102 (8.8) 1.16
20 2 0.071 (6.7) 0.99 (93.4) 1.06
21 2 0.071 (41.5) 0.102 (60.0) 0.17
22 1 0.071 (100) 0.07
23 2 0.173 (62.9) 0.102 (37.1) 0.28
24 1 0.173(100) 0.17
29 1 0.102 (100) 0.10
30
Note: the figures in brackets represent the percentage of the total transport system energy consumption of each transport stage.
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APPENDIX 3.11
Denbigh: maximum energy consumntion
SYSTEM NUMBER 1 2 3 4 5 6 TOTAL
OF FNFRnV
STAGES TO PORT TO BRITAIN TO DISTRIBUTION TO RETAIL HOME TO LANDFILL CONSUMPTION
1 6 0.563 (3.2) 4.004 (22.6) 0.299 (1.7) 4307 (24.3) 8.26 (46.5) 0308 (1.7) 17.75
2 5 0.563 (5.9) 4.004 (42.2) 0299 (3.2) 4307 (45.4) 0308 (3.2) 9.48
3 5 0.563 (3.2) 4.004 (23.0) 0299 (1.7) 4307 (24.7) 8.26 (47.4) 17.44
4 4 0.563 (6.1) 4.004 (43.6) 0.299 (3.3) 4307 (46.9) 9.18
5 6 0.563 (6.2) 4.004 (43.9) 0307 (3.4) 1376 (14.0) 2.67 (29.2) 0308 (3.4) 9.13
6 5 0.563 (8.7) 4.004 (62.0) 0307 (4.8) 1.276 (19.8) 0308 (4.8) 6.46
7 5 0.563 (6.4) 4.004 (45.4) 0307 (3.5) 1.276 (14.5) 2.67 (30.3) 8.82
8 4 0.563 (9.2) 4.004 (65.1) 0307 (5.0) 1376 (20.7) 6.15
9 4 0327 (2.5) 4307 (32.6) 8.26 (62.5) 0308 (2.3) 13.2
10 3 0327 (6.6) 4307 (873) 0308 (6.2) 4.94
11 3 0327 (2.5) 4307 (33.4) 8.26 (64.1) 12.89
12 2 0327 (7.1) 4307 (93.0) 4.63
13 4 0331 (73) 1376 (27.8) 2.67 (58.2) 0308 (6.7) 439
14 3 0331 (17.2) 1.276 (66.5) 0308 (16.0) 1.92
15 3 0331 (7.7) 1.276 (29.8) 2.67 (62.4) 4.28
16 2 0331 (20.6) 1376 (79.3) 1.61
19 3 0.110 (3.4) 2.67 (86.7) 0308 (10.0) 3.08
20 2 0.110 (4.0) 2.67 (96.0) 2.78
21 2 0.110 (24.8) 0308 (75.1) 0.41
22 1 0.110 (100) 0.11
23 2 0345(53.1) 0308 (47.4) 0.65
24 1 0345 (100) 035
29 1 0308 (100) 031
30 0 0
*Percentage in brackets
Brixton; maximum energy consumption
YSTEM NUMBER
OF
STAGES
1 2 3 4 5 6 TOTAL
ENERGY
CONSUMPTIONTO PORT TO BRITAIN TO DISTRIBUTION TO RETAIL HOME TO LANDFILL
1 6 0.563 (5.4) 4.004 (38.4) 0.03 (0.3) 1311 (12.6) 4.30 (41.2) 0.229 (2.2) 10.437
2 5 0.563 (9.2) 4.004 (65.2) 0.03 (0.5) 1.311 (21.3) 0.229 (3.7) 6.137
3 5 0.563 (5.5) 4.004 (39.2) 0.03 (0.3) 1.311 (12.8) 4.30 (42.1) 10.208
4 4 0363 (9.5) 4.004 (67.8) 0.03 (0.5) L311 (223) 5.908
5 6 0.563 (8.6) 4.004 (61.5) 0.058 (0.9) 0.045 (0.7) 1.61 (24.7) 0.229 (3.5) 6.509
6 5 0.563 (11.5) 4.004 (81.7) 0.058 (1.2) 0.045 (0.9) 0.229 (4.7) 4.899
7 5 0.563 (9.0) 4.004 (63.8) 0.058 (0.9) 0.045 (0.7) 1.61 (25.6) 6.280
8 4 0.563 (12.1) 4.004 (85.7) 0.058 (1.2) 0.045 (1.0) 4.670
9 4 0.222 (3.7) 1.311 (21.6) 4.30 (70.9) 0.229 (3.8) 6.062
10 3 0.222 (12.6) 1.311 (74.4) 0.229 (13.0) 1.762
11 3 0.222 (3.8) 1.311 (22.5) 4.30 (73.7) 5.833
12 2 0.222 (14.5) 1.311 (85.5) 1.533
13 4 0.170 (8.3) 0.045 (2.2) 1.61 (78.4) 0.229 (11.1) 2.054
14 3 0.170 (38.3) 0.045 (10.1) 0.229 (51.6) 0.444
15 3 0.170 (9.3) 0.045 (2.5) 1.61 (88.2) 1.825
16 2 0.170 (79.1) 0.045 (20.9) 0.215
17 3 0.089 (18.2) 0.171 (35.0) 0.229 (46.8) 0.489
18 2 0.089 (34.2) 0.171 (65.8) 0.260
25 2 2.150 (90.4) 0.229 (9.6) 2.379
26 1 0.229 (100) 0.229
27 1 2.150 (100) 2.150
28 0 0
29 1 0.229 (100) 0.229
30 0 0
Note: the figures in brackets represent the percentage of the total transport system energy consumption of each transport stage.
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APPENDIX 3.11
Brixton: average energy consumntion
SYSTEM NUMBER 1 2 3 4 5 6 TOTAL
OF FVFimV
STAGES TO PORT TO BRITAIN TO DISTRIBUTION TO RETAIL HOME TO LANDFILL CONSUMPTION
1 6 0.133 (3.0) 2.460 (55.1) 0.102 (23) 0.656 (14.7) 1.04 (23.3) 0.076 (1.7) 4.466
2 5 0.133 (3.9) 2.460 (71.8) 0.102 (3.1) 0.656 (19.1) 0.076 (2.2) 3.426
3 5 0.133 (3.0) 2.460 (56.0) 0.102 (23) 0.656 (14.9) 104 (23.7) 4390
4 4 0.133 (4.0) 2.460 (73.4) 0.102 (3.0) 0.656 (19.6) 3.350
5 6 0.133 (3.8) 2460 (70.6) 0.096 (2.8) 0.030 (0.9) 0.690 (19.8) 0.076 (22) 3.485
6 5 0.133 (4.8) 2460 (88.0) 0.096 (3.4) 0.030 (1.1) 0.076 (2.7) 2.795
7 5 0.133 (3.9) 2460 (72.2) 0.096 (2.8) 0.030 (0.9) 0.690 (20.2) 3.409
8 4 0.133 (4.9) 2460 (90.5) 0.096 (33) 0.030 (1.1) 2719
9 4 0.091 (4.9) 0.656 (35.2) 1.04 (55.8) 0.076 (4.1) 1.863
10 3 0.091 (11.1) 0.656 (79.7) 0.076 (9.2) 0.823
11 3 0.091 (5.1) 0.656 (36.7) 104 (58.2) 1.787
12 2 0.091 (12.2) 0.656 (87.8) 0.747
13 4 0.129 (13.9) 0.030 (32) 0.690 (74.6) 0.076 (82) 0.925
14 3 0.129 (54.9) 0.030 (12.8) 0.076 (32.3) 0.235
15 3 0.129 (15.2) 0.030 (33) 0.690 (81.3) 0.849
16 2 0.129 (81.1) 0.030 (18.9) 0.159
17 3 0.074 (28.0) 0.114 (43.2) 0.076 (28.8) 0.264
18 2 0.074 (39.4) 0.114 (60.6) 0.188
25 2 0.690 (90.1) 0.076 (9.9) 0.766
26 1 0.076 (100) 0.076
27 1 0.690 (100) 0.690
28 0 0
29 1 0.076 (100) 0.076
30 0 0
Note: the figures in brackets represent the percentage of the total transport system energy consumption of each transport stage.
Brixton : minimum energy consumntion
SYSTEM NUMBER 1 2 3 4 5 6 TOTAL
OF EN ER G Y
STAGES TO PORT TO BRITAIN TO DISTRIBUTION TO RETAIL HOME TO LANDFILL CONSUMPTION
1 6 0.350 (34.4) 0.122 (12.0) 0.042 (4.1) 0.291 (28.6) 0.190 (18.7) 0.023 (2.3) 1.018
2 5 0.350 (35.2) 0.122 (12.3) 0.042 (4.2) 0.291 (292) 0.023 (2.3) 0.828
3 5 0.350 (35.2) 0.122 (12.3) 0.042 (4.2) 0.291 (292) 0.190 (19.1) 0.995
4 4 0.350 (43.5) 0.122 (15.2) 0.042 (5.2) 0.291 (36.1) 0.805
5 6 0.350 (44.0) 0.122 (15.3) 0.087 (10.9) 0.023 (2.9) 0.190 (23.9) 0.023 (2.9) 0.795
6 5 0.350 (57.8) 0.122 (20.2) 0.087 04.4) 0.023 (3.8) 0.023 (4.5) 0.605
7 5 0.350 (45.3) 0.122 (15.8) 0.087 01-3) 0.023 (3.0) 0.190 (24.6) 0.772
8 4 0.350 (60.1) 0.122 (21.0) 0.087 (14.9) 0.023 (3.9) 0.582
9 4 0.022 (4.2) 0.291 (55.3) 0.190 (36.1) 0.023 (4.4) 0.526
10 3 0.022 (6.5) 0.291 (86 .6 ) 0.023 (6 .8 ) 0.336
11 3 0.022 (4.4) 0.291 (57.8) 0.190 (37.8) 0.503
12 2 0.022 (7.0) 0.291 (93.0) 0.313
13 4 0.065 (21.6) 0.023 (7.6) 0.190 (63.1) 0.023 (7.6) 0.301
14 3 0.065 (58.6) 0.023 (20.7) 0.023 (20.7) 0.111
15 3 0.065 (23.4) 0.023 (8.3) 0.190 (68.3) 0.278
16 2 0.065 (73.9) 0.023 (26.1) 0.088
17 3 0.059 (35.1) 0.086 (51.2) 0.023 (13.7) 0.168
18 2 0.059 (40.7) 0.086 (59.3) 0.145
25 2 0.190 (89.2) 0.023 (10.8) 0.213
26 1 0.023 (100) 0.023
27 1 0.190 (100) 0.190
28 0 0
29 1 0.023 (100) 0.023
30 0 0
Note: the figures in brackets represent the percentage of the total transport system energy consumption of each transport stage.
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Data Sheet for ‘Maximum’ Values in Denbigh APPENDIX 3.12
Emissions
SYSTEM EnergyMJ / kg Product c o i CO
g/kg Product
HC PM NOx
1 SOMERFIELD 17.75 1000.8 30.19 4.563 2.636 19.95
2 SOMERFIELD 9.48 604.2 2.39 0.401 2.636 14.82
3 SOMERFIELD 17.44 983.1 30.09 4.548 2.609 19.69
4 SOMERFIELD 9.18 586.5 2.29 0.386 2.609 14.56
5 ROBERTS 9.13 556.5 11.50 1.893 2.417 12.80
6 ROBERTS 6.46 430.1 1.50 0.411 2.417 11.26
7 ROBERTS 8.82 538.8 11.40 1.878 2.390 12.78
8 ROBERTS 6.15 412.4 1.40 0.396 2.390 11.24
9 SOMERFIELD 13.20 680.9 29.16 4.324 0.367 9.23
10 SOMERFIELD 4.94 284.3 1.36 0.162 0.367 4.10
11 SOMERFIELD 12.89 663.2 29.01 4.309 0.340 9.21
12 SOMERFIELD 4.63 266.6 1.21 0.147 0.340 4.08
13 ROBERTS 4.59 236.3 10.47 1.654 0.148 2.32
14 ROBERTS 1.92 109.9 0.47 0.172 0.148 0.78
15 ROBERTS 4.28 218.7 10.36 1.639 0.121 2.30
16 ROBERTS 1.61 92.3 0.36 0.157 0.121 0.76
19 ROWLANDS 3.08 150.2 10.13 1.510 0.033 1.59
20 ROWLANDS 2.78 132.5 10.02 1.495 0.006 1.57
21 ROWLANDS 0.41 23.8 0.13 0.028 0.033 0.05
22 ROWLANDS 0.11 6.1 0.02 0.012 0.006 0.03
23 DEER 0.65 37.5 0.18 0.056 0.053 0.15
24 DEER 0.35 19.8 0.08 0.041 0.026 0.13
29 HOME GROWN 0.31 17.7 0.11 0.015 0.027 0.02
347
Data Sheet for ‘Average’ Values in Denbigh APPENDIX 3.12
SYSTEM ENERGY COz CO HC PM NOx
(MJ / kg Product) (g / kg Product)
1 SOMERFIELD 6.45 401.7 4.8 0.459 1.545 8.491
2 SOMERFIELD 4.87 316.2 1.2 0.215 1.545 8.324
3 SOMERFIELD 6.35 395.9 4.77 0.454 1.536 8.405
4 SOMERFIELD 4.77 310.4 2.34 0.21 1.536 8.24
5 ROBERTS 4.55 292.1 3.40 0.423 1.451 6.787
6 ROBERTS 3.56 240.8 0.80 0.244 1.451 6.674
7 ROBERTS 4.45 286.3 3.37 0.418 1.442 6.701
8 ROBERTS 3.46 235.0 0.77 0.239 1.442 6.588
9 SOMERFIELD 4.08 229.4 4.28 0.325 0.185 2.370
10 SOMERFIELD 2.50 143.9 0.68 0.081 0.185 2.203
11 SOMERFIELD 3.98 223.6 4.24 0.320 0.176 2.284
12 SOMERFIELD 2.40 138.1 0.64 0.076 0.176 2.117
13 ROBERTS 1.95 120.9 2.89 0.290 0.092 0.734
14 ROBERTS 0.96 69.6 0.29 0.111 0.092 0.621
15 ROBERTS 1.85 115.1 2.85 0.285 0.083 0.648
16 ROBERTS 0.86 63.8 0.25 0.106 0.083 0.535
19 ROWLANDS 1.16 61.2 2.65 0.192 0.014 0.225
20 ROWLANDS 1.06 55.4 2.62 0.187 0.005 0.139
21 ROWLANDS 0.17 9.9 0.05 0.013 0.014 0.112
22 ROWLANDS 0.07 4.1 0.02 0.008 0.005 0.026
23 DEER 0.28 15.7 0.07 0.026 0.022 0.150
24 DEER 0.17 9.9 0.04 0.021 0.013 0.064
29 HOME GROWN 0.10 5.8 0.04 0.005 0.009 0.086
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Data Sheet for ‘Minimum’ Values in Denbigh
APPENDIX 3.12
SYSTEM ENERGY COz CO HC PM NOx
(MJ/ kg Product) (g / kg Product)
1 SOMERFIELD 2.47 141.3 0.616 0.072 0.164 2.000
2 SOMERFIELD 2.13 124.2 0.556 0.065 0.147 1.957
3 SOMERFIELD 2.44 139.5 0.605 0.071 0.161 1.974
4 SOMERFIELD 2.09 122.4 0.545 0.064 0.144 1.931
5 ROBERTS 1.83 104.3 0.409 0.104 0.118 1.108
6 ROBERTS 1.48 87.2 0.349 0.097 0.101 1.065
7 ROBERTS 1.80 102.5 0.398 0.103 0.115 1.082
8 ROBERTS 1.45 85.4 0.338 0.096 0.098 1.039
9 SOMERFIELD 1.79 100.1 0.485 0.053 0.124 1318
10 SOMERFIELD 1.44 83.0 0.425 0.046 0.107 1.275
11 SOMERFIELD 1.76 98.3 0.474 0.052 0.121 1.292
12 SOMERFIELD 1.41 81.2 0.414 0.045 0.104 1.249
13 SOMERFIELD 1.15 63.0 0.241 0.086 0.077 0.416
14 SOMERFIELD 0.80 45.9 0.181 0.078 0.060 0.373
15 ROBERTS 1.12 61.2 0.230 0.084 0.074 0.390
16 ROBERTS 0.77 44.1 0.170 0.077 0.057 0.347
19 ROWLANDS 0.43 21.9 0.083 0.014 0.024 0.071
20 ROWLANDS 0.40 20.1 0.072 0.013 0.021 0.045
21 ROWLANDS 0.08 4.8 0.023 0.007 0.006 0.028
22 ROWLANDS 0.05 3.0 0.012 0.006 0.004 0.002
23 DEER 0.15 8.4 0.036 0.016 0.012 0.068
24 DEER 0.12 6.6 0.025 0.014 0.009 0.042
29 HOME GROWN 0.03 1.8 0.011 0.002 0.003 0.026
349
Data Sheet for ‘Maximum’ Values in Brixton
APPENDIX 3.12
Emissions
SYSTEM
Energy g / Product
MJ / kg Product CO HC PM NOx
1 TESCO 10.437 609.39 21.12 3.179 2.393 13.903
2 TESCO 6.137 412.59 1.52 0.309 2.393 11.863
3 TESCO 10.208 595.52 21.05 3.165 2.378 13.704
4 TESCO 5.908 398.72 1.45 0.295 2.378 11.660
5 MARKET 5.699 415.20 8.54 1.342 2.294 11.534
6 MARKET 4.899 341.40 1.14 0.262 2.294 10.774
7 MARKET 5.470 401.33 8.47 1328 2.279 11.335
8 MARKET 4.670 327.53 1.07 0.248 2.279 10.575
9 TESCO 6.062 298.83 20.13 2.944 0.130 3.566
10 TESCO 1.762 102.03 0.533 0.074 0.130 1.526
11 TESCO 5.833 284.96 20.06 2.930 0.114 3.367
12 TESCO 1.533 88.16 0.458 0.060 0.114 1.327
13 MARKET 1.244 100.08 7.531 1.105 0.032 1.127
14 MARKET 0.444 26.28 0.131 0.025 0.032 0.367
15 MARKET 1.015 86.21 7.456 1.109 0.016 0.928
16 MARKET 0.215 12.41 0.056 0.029 0.016 0.168
17 BOX 0.489 28.79 0.142 0.040 0.036 0345
18 BOX 0.260 14.92 0.067 0.027 0.020 0.146
25 LOCAL 2.379 112.27 9.875 1.444 0.015 1.219
26 LOCAL 0.229 13.87 0.075 0.014 0.015 0.199
27 VICARGE 2.150 98.40 9.800 1.430 —— 1.020
29 HOME 0.229 13.87 0.075 0.014 0.016 0.199
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Data Sheet for ‘Average’ Values in Brixton AJPPENDIX 3.12
Emissions
g/kg Product
SYSTEM MJ/kg Product COz CO HC PM NOx
1 TESCO 4.466 284.85 3.904 0.385 1.442 7.121
2 TESCO 3.426 233.55 0.834 0.175 1.442 6.991
3 TESCO 4.390 280.27 3.879 0380 1.437 7.055
4 TESCO 3.350 228.97 0.809 0.170 1.437 6.925
5MARKET 5.699 415.20 8.540 1342 2.294 11.534
6 MARKET 2.795 197.20 0.648 0.153 1.392 6.432
7 MARKET 3.409 225.22 2.665 0.288 1.387 6.446
8 MARKET 2.719 192.62 0.615 0.148 1387 6.366
9 TESCO 1.863 98.83 3.331 0.243 0.065 0.842
10 TESCO 0.823 47.53 0.261 0.033 0.065 0.712
11 TESCO 1.787 94.25 3.306 0.239 0.060 0.776
12 TESCO 0.747 42.95 0.236 0.029 0.060 0.646
13 MARKET 0.925 46.30 2.117 0.152 0.017 0.272
14 MARKET 0.235 13.70 0.067 0.012 0.017 0.192
15 MARKET 0.849 41.72 2.092 0.148 0.012 0.206
16 MARKET 0.159 9.12 0.042 0.008 0.012 0.126
17 BOX 0.264 15.35 0.073 0.023 0.019 0.176
18 BOX 0.188 10.77 0.048 0.018 0.014 0.110
25 LOCAL 0.766 37.18 2.075 0.145 0.005 0.146
26 LOCAL 0.076 4.58 0.025 0.005 0.005 0.066
27 LOCAL 0.690 32.60 2.050 0.140 —“ 0.080
29 HOME 0.076 4.58 0.025 0.005 0.005 0.066
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Data Sheet for ‘Minimum’ Values in Brixton APPENDIX 3.12
SYSTEM EnergyMJ / kg Product coz
Emissions
CO
g/kg Product
HC PM NOx
1 TESCO 1.018 60.80 0.270 0.0339 0.070 0.845
2 TESCO 0.828 49.70 0.216 0.0274 0.053 0.815
3 TESCO 0.995 59.41 0.262 0.0325 0.068 0.825
4 TESCO 0.805 48.31 0.208 0.0205 0.052 0.795
5 MARKET 0.795 48.00 0.199 0.0268 0.052 0.643
6 MARKET 0.605 36.90 0.145 0.0203 0.035 0.613
7 MARKET 0.772 46.61 0.191 0.0254 0.050 0.623
8 MARKET 0.582 35.51 0.137 0.0189 0.033 0.593
9 TESCO 0.526 30.47 0.156 0.0206 0.062 0.312
10 TESCO 0.336 19.37 0.103 0.0141 0.045 0.282
11 TESCO 0.503 29.08 0.149 0.0192 0.060 0.286
12 TESCO 0.313 17.98 0.095 0.0127 0.043 0.256
13 MARKET 0.301 17.54 0.085 0.0129 0.026 0.122
14 MARKET 0.111 6.44 0.031 0.0064 0.009 0.092
15 MARKET 0.278 16.15 0.077 0.0115 0.024 0.096
16 MARKET 0.088 5.05 0.023 0.0050 0.007 0.066
17 BOX 0.168 9.70 0.045 0.0152 0.013 0.112
18 BOX 0.145 8.31 0.037 0.0138 0.011 0.086
25 LOCAL 0.213 12.49 0.062 0.0079 0.019 0.056
26 LOCAL 0.023 1.39 0.008 0.0014 0.002 0.026
27 LOCAL 0.190 11.10 0.054 0.0065 0.017 0.030
29 HOME 0.023 1.39 0.008 0,0014 0.002 0.026
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Figure 3.13.1 The maximum energy consumption of systems in Denbigh
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Figure 3.13.2 The average energy consumption of systems in Denbigh
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Figure 3.13.3 The minimum energy consumption of systems in Denbigh
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Figure 3.13.4 The energy consumption of all systems in Denbigh
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Figure 3.13.5 The maximum energy consumption of systems in Brixton
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Figure 3.13.6 The average energy consumption of systems in Brixton
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Figure 3.13.7 The minimum energy consumption of systems in Brixton
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Figure 3.13.8 The energy consumption of all systems in Brixton
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Figure 3.13.9 The Carbon Dioxide emissions of all systems in Denbigh
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Figure 3.13.10 The Nitrogen Oxides emissions of all systems in Denbigh
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Figure 3.13.11 The Particulate emissions of all systems in Denbigh
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Figure 3.13.12 The Carbon Monoxide emissions of all systems in Denbigh
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Figure 3.13.13 The Hydrocarbon emissions of all systems in Denbigh
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Figure 3.13.14 All emissions for all systems in Denbigh
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Figure 3.13.15 The Carbon Dioxide emissions of all systems in Brixton
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Figure 3.13.16 The Nitrogen Oxides emissions of all systems in Brixton
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Figure 3.13.17 The Particulate emissions of all systems in Brixton
O
<
<
%
<
30
II
11 
18
17 
16
15
14 
13
12 
11 
10 
9 
8
7 
6
5
4
3 
2
ÛII
25
18
17
i!
}i
9
8
7
6
5
4
3 
2
it
1
18 
17
16
15
11
12 
11 
10 
9
8 
7
6
5
4 
3
2 
1
=]
1 2
E M I S S I O N S  ( g r a m m e s / k g  A p p l e s )
370
Figure 3.13.18 The Carbon Monoxide emissions of #11 systems in Brixton
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Figure 3.13.19 The Bfÿdrocarbon emissions of all systems in Brixton
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Figure 3.13.20 All emissions for all systems in Brixton
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The Pollution Factor APPENDIX 4.1
Chittenden Orchards, Staplehurst, Tonbridge, Kent TN12 OEX
Tel: Staplehurst (01580) 891756 Fax: (01580) 892905
The Rt. Hon Tony Blair, MP 
Prime Minister 
10 Downing Street
London SWl A 2AA 29 July 1998
Dear Mr Blair
POLLUTION BY SUPERMARKETS
I last wrote to you on 25^ February 1998, regarding “The Case for Regulation of Major 
Multiple Retailers”, and since then there has been a considerable amount of criticism in 
the media about some of the activities of supermarkets, and other major multiple 
retailers (MMR’s). There has also been mounting criticism from MP’s, with many 
signing EDM’s 127 and 127A1.
Much of the criticism has related to trading matters, and I feel that it is now time to 
highlight the dreadful, widespread damage to the environment caused by some MMR’s.
One can clearly see from public statements that you, and your government, are deeply 
concerned about pollution, and I trust, therefore, that you will be supportive of the 
“Pollution Factor” idea outlined in the enclosed document.
It seems to me that supermarket buyers can be fairly arrogant, and might, therefore, be 
slow to adopt these proposed voluntary measures which could expose the extent to 
which they purchase imported produce. Support from your government for the idea of 
printing the “Pollution Factor” on imported produce would almost certainly lead to its 
early voluntary introduction by MMR’s, resulting in a huge reduction in unnecessary 
pollution, not only in Britain, but also throughout the EU, and many other parts of the 
world.
I do hope that you will be able to support this initiative; also to give further 
consideration to the call (now supported by many MP’s) for the introduction of a 
supermarket Regulator -  perhaps to be called OFMULTI.
Yours sincerely.
J R Breach
Copy to: The Rt. Hon John Prescott, MP, Deputy Prime Minister 
All MP’s
Herr Frans Fischler, European Union Commissioner 
British Retail Consortium 
Mr A B N  Gill, CBE (President NFU)
Mr David Hands (Federation of Small Businesses)
Various media contacts
EMBARGOED UNTIL 0 6 0 0  THURSDAY 30TH JULY 1 9 9 8
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J. R. BREACH FRUIT TREES - TREE STAKES - TREE TIES ROOTSTOCKS • GRAFTWOOD • WIRE NETTING
Partners: J. R. BREACH and R. BREACH
Chittenden Orchards, Staplehurst, Tonbridge, Kent TN12 OEX
T el: S t a p le h u r s t  (0 1 5 8 0 )  8 9 1 7 5 6  F ax: (0 1 5 8 0 )  8 9 2 9 0 5
29 July 1998
NEWS RELEASE
POLLUnON : TIME TO TURN THE SMOGLIGHT ON THE MUJLTIPLES. AND GASP!!
Following publication of my report “The Case for Regulation of Major Multiple Retailers” 
(MMR’s) in April this year, and the widespread media coverage it received, I would like now to 
concentrate on one aspect of that report -  protection of the environment.
Anyone who has suffered from breathing difficulties, gasping for breath, itchy eyes, coughing, etc. 
caused by traffic pollution, must surely welcome the latest “Don’t Choke Britain Campaign”, which 
aims to reduce traffic pollution; also, the British Government’s general commitment to the- 
reduction of “greenhouse gases”.
Obviously, much of the blame for pollution is levelled at car users, but everyone should realise that 
some of the biggest culprits are the large supermarket chains, and other major multiple 
retailers.
Let us begin on the farms. Supermarkets have now become so big and powerful that they are able 
to dictate how farms are run. This is always to suit the multiples’ requirements, and often is to the 
detriment of the environment. For instance, because supermarkets operate a “just-in-time” ordering 
system, they are now holding less and less stock in their stores and depots, choosing instead to have 
more frequent collections from farms. This frequently leads to very environmentally unfriendly, 
refrigerated juggernauts visiting farms daily, often collecting just a few pallets of produce. Also, to 
suit supermarket methods of distribution, vast quantities of home grown produce leaves its area of 
production and is sent to a distribution centre, only to be returned to the same area of production for 
retail sale.
Many supermarkets have been sited out of town, and this has led to the ridiculous situation whereby 
those people living in town, now have to travel out of town, to do their shopping, often clogging up 
by-passes in the process. In the past, these people would have been able to do their shopping 
locally, and on foot.
Supermarket staff (through no fault of their own) also cause a great deal of pollution travelling to 
and from worL They are often on short length shifts, since many multiples seem to prefer large 
numbers of people working part-time, and this means that there is virtually a complete change of 
staff two or three times a day.
The actual supermarket buildings also add to the smog factor, due to the massive amounts of energy 
consumed, heating and lighting vast areas of shop floor, and the running of refrigeration and air 
conditioning units etc.
It is not just on the ground that supermarkets are responsible for causing huge amounts of pollution, 
but also in the air. They would like us to believe that they are only “obeying the wishes o f the 
consumer ’, when they air freight large quantities of produce from around the world. Much o f this 
produce, (or good alternatives,) could be grown or produced in Britain. People living under, or 
near flight paths of major airports, suffer from the extra pollution caused by the burning of 
thousands of litres of aviation fuel every time a plane involved in carrying unnecessary produce 
lands, or takes off. It is almost certain that examination of the recently announced plans to expand 
cargo traffic at Gatwick Airport, will show that much of the extra cargo will be destined for sale in 
supermarkets.
EMBARGOED UNTIL 0 6 0 0  THURSDAY 30TH JULY 1 9 9 8
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As shown above, many M M R’s are guiity o f  causing significant amounts of pollution, yet in an 
effort to portray themselves as companies who care greatly about the environment, they have the 
audacity to question the energy uses o f British producers. Surely, what would be better for the 
environment, would be for MMR’s to bring to the attention o f  consumers, the extra harm done to 
the environment by, for example, purchasing strawberries flown in from California (it has been 
reported that 2.5 litres o f aviation fuel are used to bring I lb o f Californian strawberries to Britain) 
instead o f buying British strawberries.
It is time to challenge M M R’s to prove their commitment to improving the environment, by for 
example suggesting that they display on all imported produce, (whether transported by road, rail, 
sea, air, or a combination o f transport methods) information about the excess fuel used (compared 
to British produce) to bring that produce from the point o f  production to the point o f sale. Surely, 
consumers have the right to be able to make an informed choice as to whether or not they purchase 
“environmentally damaging” produce. An example label could be as shown below;
POLLUTION FACTOR
This imported produce has 
an excess fuel pollution 
factor of 7
Calculated by giving British produce a factor of 1; 
based on the estimated average amount of fuel used 
to transport 1kg of British produce from place of 
production to point of sale.
A similar scheme could be used to alert consumers to the extra pollution caused by unnecessary 
packaging. Such schemes could also be introduced throughout the EU (and indeed in many othe 
parts of the world) in order to encourage the consumption of locally produced food.
In order to constantly remind English speaking consumers that it is within their power to helj 
reduce pollution, a simple acronym could be promoted. I would suggest that consumers should b» 
encouraged to Guard g a in s t  Supermarket Pollution (GASP), and GASP in horror, whenever the; 
see examples of pollution in supermarkets. For example, GASP in horror, and refuse to bu; 
produce which has been transported unnecessarily long distances; or, GASP in horror, and rejec 
products which use unnecessary packaging.
Equally, consumers should Guard Against Supermarket Pollution, and GASP in delight when the 
see examples of environmentally friendly selling, which, in turn, helps to reduce the pollutio 
effects of supermarkets. For example, consumers should GASP in delight, when they are able t 
buy produce from small shops, farm shops, and pick-your-own outlets. The more that adults GAS 
now, the less their children and grandchildren will need to GASP in the future -
WE MUST ALL GUARD AGAINST SUPERMARKET POLLUTION.
Clearly, the activities of MMR’s affect numerous aspects of millions of peoples lives, and there i 
an urgent need for someone to be able to see the whole picture -  the case for the appointment of 
Regulator (OFMULTI), grows stronger day by day.
J R Breach
EMBARGOED UNTIL 0 6 0 0  THURSDAY 30T H  JULY 1 9 9 8
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J. R. BREACH F R U I T  T R E E S  ■ T R E E  S T A K E S  - TREE T I E S  R O O T S T O C K S  • C R A f T W O O D  • WI RE N E T T I N G
Partners: J. R. BREACH and R. BREACH
Chittenden Orchards, Staplehurst, Tonbridge, Kent TN12 OEX
Tel: Staplehurst (015801 891756 Fax: (015801 892905
POLLUTION FACTORS -  PRODUCTS PURCHASED MID JULY. 1998
i
J
Product Country of Origin Guesstiinatcd Pollution Factor
Nectarines Italy 12
Plums Spain 13
Strawberries Holland 4
Tomatoes Holland 4
Leeks Spain 6
Lettuce Spain 7
Mange Tout Zimbabwe 200
Apples New Zealand 50
Onions New Zealand 50
Grapes Israel 8
Beans Zimbabwe 200
Cherries Spain 13
Sweetcorn Spain 6
Some of the figures shown above could be wide of the mark. This is because most of the 
packs do not indicate to the consumer, the methods of transport used to move the 
produce from point of production to point of sale.
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The impacts of international trade in apples and other food products APPENDIX 4.2
The following points show that international trade is associated with significant negative 
environmental, social and economic impacts.
i. The direct environmental impacts associated with the transportation involved in importing 
fresh produce (Sections 3.11, 3.15 and 4.2; Figures 3.61, 4.1 and 4.2).
ii. The indirect environmental impacts of international trade are in the form of a move to 
intensive and specialised agricultural production based on economies of scale and resulting 
from international competition (Pretty, 1995; Lang and Hines, 1994). International trade and 
competition in the apple sector have resulted in a move to large orchards and to cultivation 
methods which require high levels of external inputs. In many instances these inputs, in the 
form of machinery, pesticides, fiiels and fertiliser, are also associated with transport-intensive 
production and distribution systems (and are often imported). Food production and distribution 
systems, therefore, become locked into an energy- and transport-intensive system.
iii. An increasing food trade deficit.
iv. Concentrating on the apple sector, the ‘crisis’ which UK producers are experiencing at 
present and which has resulted in the orchard area falling by a third over the last twenty five 
years has a significant effect on the respective local economies. The importance of horticulture 
to local employment has been noted and indeed there has been recognition that it is often 
underestimated in employment statistics (HCAC, 1995). The grubbing-up of orchards has a 
direct effect on local employment and therefore on the vitality o f the local economy and 
indirect effects may also be experienced by the local businesses which supplied goods and 
services to the apple producer before grubbing-up took place.
V. Being dependent on imports for supplies of dessert apples (and other food products) may 
not appear to be a problem at present. However, if certain situations change, for example, the 
cost of production or transportation, a crop failure or changes in exchange rates, the product 
may increase in price or even become unavailable for export to Britain.
vi. If a situation did arise as described in (v) then British apple production would not be in a 
position to cover the shortfall in supply. The grubbing-up of orchards and a commitment not to 
re-plant for at least 15 years is only part of the problem. Also of concern is the skills and 
knowledge of the professional and amateur horticulturists which are lost when orchards are 
grubbed, as well as the time taken before new orchards can be established and then achieve 
maximum yield.
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The influence of UK and EU policies on the Food Supply Chain (FSC) APPENDIX 4.3
There are several underlying reasons for the increases in fresh fruit and vegetable imports and road 
freight demand in the food supply chain.
i. The EU has encouraged specialisation in agricultural production.
ii. In Britain freight transport by rail in 1993 was approximately two-fifths of what it had been 
in 1952 and half what it had been in 1961. The rail network is only half the size it was at the 
beginning of the century (RCEP, 1994).
iii. “One reason for the dominance of freight transport is its flexibility to carry goods in large or 
small consignments when and where they are wanted” (RCEP, 1994). It is this flexibility which 
the multiple retailers have used to supply their stores daily from regional distribution centres.
iv. “The main factor in the overall growth o f freight transport has been the increase in the 
average length of freight trips by road. This has largely resulted from reductions in the cost of 
road transport” (RCEP, 1994). The retail price of fiiel is now lower than it has been for much of 
the last 40 years and expressed as a percentage of sales income, distribution costs remained 
static between 1970 and 1980 and have fallen sharply since 1980 (Royal Commission on 
Environmental Pollution, 1994).
V. The road and motorway system in Britain has increased steadily over the past thirty years 
and the EU is to spend 120 billion ECU on the Trans-European Road Network (TERN).
vi. Freight transport has been subsidised and in 1994/95 Heavy Goods Vehicles (HGY’s) 
accounted for £2.8 billion in infrastructure costs and between £4.6-6.4 billion in ‘external’ 
social and environmental costs, while tax revenue from HGY’s amounted to £3.1 billion or 
between 49-68 per cent of these costs (RCEP, 1994).
vii.Free trade within the European Union has been encouraged by the introduction of the Single 
European Market in 1993. The GATT, now the World Trade Organisation, has encouraged free 
trade in agricultural produce.
Figure 4.16 summarises the policies which have encouraged specialisation and large scale 
production and transport intensive sourcing and distribution of apples and other fresh produce.
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The Urban Oasis Project APPENDIX 4.4
This document uses tables and is best viewed with Netscape 2.0 or higher. 
For best viewing, adjust your browser frame to the width of the graphic below.
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Urban Oasis
A self-help partnership working to improve the environment around a high-rise 
block in an inner-city area of Salford, close to central Manchester. A tenants* 
management company is moving towards self reliance in the production of 
organic fruit and Vegetables using horticultural principles imported from the 
middle east. The initiative is enhancing the community's capacity to manage 
environmental improvements in its own locality in partnership with business and 
the local authority.
This case study from May 1997 is presented in the original format as provided by 
the Local Government Management Board in the UK, as part of the 
cross-sectoral Local Agenda 21 case studv project.
Biodiversity 
Local needs 
Basic needs 
Satisfying
Health
work 
@)
®
Empowerment
Distinctiveness
Project Summary
The Urban Oasis programme was initiated by the Apple Tree Court Tenants’ Association, which formed its 
own Tenancy Management Company in May 1996. As a result, management of the Apple Tree tower 
block in Salford and an area of land at the base of the block has passed from Salford City Council to the 
residents. The residents, many of whom used to live in the back-to-back terraced housing which was 
cleared in the 1960s, decided that they wanted a proper garden that would help to recreate that sense of 
community which may be lacking in high rise housing.
Project aims
The Urban Oasis project is a self help partnership made up of an international environmental and
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community development organisation (the Arid Lands Initiative), a recently formed Tenant Managed 
Company (Apple Tree Court) and local community youth and probation services. This partnership is 
improving the local environment of an inner-city area in a sustainable way using local resources, by 
encouraging self-help initiatives that reflect the expressed priority needs of the community.
Research in the Salford area has sought to identify the constraints which prevent tenants on some housing 
estates escaping their cycle of poverty. These are: limited access to cash and low interest; long-term credi 
high unemployment; no 'sense of ownership' of their housing and immediate surroundings; limited access 
high-quality fresh food at reasonable prices; no access to land for growing food, observing nature and 
sharing experiences between generations.
The specific aims of the project are:
• To reintroduce biodiversity to a derelict, inner-city landscape by creating multi-species orchards, 
allotments, wildlife ponds and wild flower meadows.
• To recreate a sense of community in the local area.
• To improve the health, incomes, employment opportunities and environment of local communities 
deprived areas through practical work.
• To give local people the opportunity to have a stake in their environment and to allow community 
service volunteers to learn new skills.
Unemployed and community service youth leam and apply the environmental skills needed to establish 
allotments, traditional orchards, herb and wildflower gardens, ponds and lawns for the use and enjoymem 
of local residents in a very deprived urban area. The project includes the appropriate application of 
community-based water and energy conservation techniques for year-round food production and 
composting. The wider community, including local school children, will be involved in the propagation aj 
growth of native trees and organic vegetables, particularly traditional and threatened varieties and specie: 
thus renewing forgotten gardening skills and the appreciation o f the importance of good nutrition and loc 
environmental responsibility.
How did it start?
The initiative began in late 1994 when the tenants of Apple Tree Court teamed up with Anthony Milroy, 
Director of a charitable organisation called the Arid Lands Initiative. Milroy was able to use his experieni 
of multi-layered 'oasis' horticulture, gained while working in the middle east, and apply it in this radically 
different context.
Who is involved?
Organisations which have been involved in the project include: Apple Tree Court Tenant Managed 
Company, the Department of the Environment, the Body Shop Foundation, the Home Office Probation 
Service, the Central Redevelopment Area Community Association, the Community Technical Advice 
Centre, St. Paul's Church, local primary schools, the Youth Employment, Probation and Community 
Training Services and Salford City Council.
OUTCOMES
381
Achievements
There is now a substantial fence with an electric gate enclosing the new communal garden, planted with 
trees, shrubs and other vegetation, which has been created on previously underused land around the base 
of the block. By creating a secure community space for local people, the area has been transformed into a 
meeting place, community cafe, training centre, and a place for growing valuable food crops.
The principle behind the new garden is the multi-layer 'oasis' garden system, a technique which uses limited 
land resources very intensively. By 'stacking' plants vertically, production from a small area is maximised 
with the additional advantage that the evaporation of water is kept to a minimum. The Apple Tree Court 
garden is also designed to be low maintenance; most of it is planted with perennial tree crops which do not 
require digging, watering or weeding.
In one comer of the new garden is an emerging orchard planted with twenty varieties of traditional fruit 
and nut trees. Beneath the trees is a layer of redcurrants, gooseberries and raspberries and below that at 
ground level are potatoes and beans to cleanse and fertilise the soil. Another part of the garden has been 
planted with native trees set within a wildflower meadow. Holding pride of place right at the front of the 
tower block are allotments growing organic fruit and vegetables.
The project is:
• engaging the young, the old and the unemployed in practical environmental work which is of benefit 
to the local community;
• facilitating local production by households of fresh fruit and vegetables, thereby improving femily 
diets and reducing household expenditure;
• helping high-rise residents and local school children to acquire the skills necessary to manage their 
secure space and to grow vegetables and trees.
Practical training has been provided in landscaping, organic gardening, soil fertility building, orchard 
layouts, and establishing and maintaining ponds, wildflower meadows and native woodland planting .
Local unemployed, community service offenders and tenants in high-rise blocks have learnt practical 
environmental skills and realised their capacity to become more self-reliant in food and energy, through 
'learning by doing'. They have also learnt never to take "no' for an answer but to campaign, negotiate and 
compromise with agencies and authorities to secure and improve their own environment.
The work with schools through the development of the Tree Growing Kit has been taken up in over five 
hundred schools throughout the UK. Salford City Council and the Department of the Environment have 
changed plans for their house building programme so that land could be secured for the tenant-maintained 
community gardens. Community Service offenders from the Probation Service have adopted the scheme. 
Funds have been secured to produce an 'Urban Oasis Pack' to enable other inner-city communities to 
replicate the scheme locally, nationally and internationally in response to the wider interest.
Unexpected outcomes
The project has already been featured m the national and mtemational press and on television, generating 
considerable interest from other local authorities, tenant associations and community organisations wishing 
to replicate the initiative. A further sign of the rising profile of the Urban Oasis project is that it succeeded 
in winning outright the prestigious BT/WWF Partnership Award in 1996. It is intended that the financial 
element of the award will contribute towards 'establishing a food crop for the wider inner-city so that
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direct supplies from local organic farms can be delivered to elderly people's high rise flats at reduced cost'.
RESOURCES AND MANAGEMENT
Human resources
There is a wealth of time devoted to the project, both paid and voluntary, from the organisations and 
individuals involved. Through an arrangement with the Home Office Probation Service, manual labour for 
laying out and managing the garden has been supplied by young offenders working out their community 
service.
Funding and expenditure
Corporate sponsors of the project have included the Body Shop (allowing the project to be fully 
documented) and a range of local suppliers. £25,000 has been given in grant aid by the Civic Trust. The 
Department of the Environment paid for the new railings around the garden and provided additional land. 
More recently, £198,000 of National Lottery money has been allocated to the project. This money will be 
spent on a geodesic conservatory, a community cafe, orchard and conservatory plants, and on materials for 
landscaping the sitel.
Measuring success
An environmental committee has been established which meets each month to plan and implement the 
practical work and monitor and review progress against targets set at the previous meeting. Quarterly and 
yearly reports are prepared for fimding donors and these are used as benchmarks to check progress against 
stated targets.
PLANS FOR THE FUTURE
Future plans for the project include:
• waste heat from the high rise flats will be 'recycled' for space heating o f food producing polytunnels;
• rain water will be liarvested' and stored for use in the gardens to eliminate consumption from the 
mains;
• waste organic matter will be composted for use in the gardens;
• a video documentary and basic garden instruction pack are under preparation which will set out 
some of the practical lessons which have been leamt and identify the possible pitfalls for other 
organisations wishing to set up a similar initiative;
• An Urban Oasis Centre' is planned which will provide permanent demonstration and training 
facilities for other local communities and visiting groups from further afield.
It is intended that the Urban Oasis Centre will act as a practical self help demonstration and training facility 
for other interested communities both in the UK and abroad. It will employ broadcast-quality audio-visual 
documentation techniques to transfer these practical self-help experiences to other inner-city households 
and communities which suffer the same mix of food and energy poverty, and social and environmental 
deprivation.
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Sustainable Agriculture in Devon APPENDIX 4.5
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Sustainable Agriculture in Devon
A project seeking to instill the principles of sustainability into agricultural 
practices in Devon. With the help of European funding, it involves a variety of 
interrelated initiatives ranging from those based around individual farms and 
local communities to more strategic county-wide programmes.
This case study from May 1997 is presented in the original format as provided by 
the Local Government Management Board in the UK, as part of the 
cross-sectoral Local Agenda 21 case studv proiect.
Project Summary
A wide range o f projects and partnerships are currently underway in Devon aimed at 
developing sustainable agriculture. They include a concept design for sustainable 
agriculture at a farm in the Blackdown Hills; a two year project that worked with 
farmers to develop sustainable agriculture farm strategies linked to community 
sustainable development; the Devon Sustainable Agriculture Partnership; and the Local 
Food Links project.
Project aims
The original desire which prompted this work was to 'do something' about the unsustainability of 
agricultural practice. The project set out to help farmers and other people living and working in rural areas. 
The aim was to find ways of making agricultural practice more sustainable and to integrate these with 
other work for sustainable development in rural communities.
Who has been involved ?
Farmers, rural community groups including parish councils and Local Agenda 21 groups, statutory 
agencies including local authorities, the Environment Agency, the Rural Development Commission, the 
Countryside Commission, The Ministry o f Agriculture, Fisheries and Food, universities and colleges.
Distinctiveness
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permaculture designers and the International Institute for Environment and Development (IIED) have all 
been involved in the various projects.
How was it started ?
'Where to start?' was a question that exercised minds at the beginning of the project. It was decided to start 
small initially by working with farmers in a Devon locality to identify issues, problems and possibilities.
This was encompassed in the Blackdown Hills Sustainable Development Initiative which formed part of a 
European Union LIFE funded project which ran from 1994 to 1996. The results were used to start a 
debate throughout the farming community. As part of this, a seminar entitled 'Sustainable Agriculture in 
Devon' was held in June 1996. An inspiring presentation given by Jules Pretty, the Director o f the 
Sustainable Agriculture Programme of the IIED, presented a model setting out the conditions required 
before sustainable agriculture can be achieved. The seminar agreed to the establishment of the Devon 
Sustainable Agriculture Partnership, an alliance comprising of a range of agricultural organisations.
OUTCOMES
Achievements
Specific achievements include the following:
Blackenfields Farm  -  a concept design for sustainable agriculture
The consultancy Designed Visions were commissioned by Devon Farm Estate Practice in March 1995 to 
produce a proposal for the sustainable management o f a typical county farm (a 55 acre dairy farm). The 
report outlines opportunities for reducing the dairy herd to the best suited parts of the holding and 
including interrelated chicken, sheep, aquaculture and market garden operations. A strategy for increasing 
labour available to the form and reducing capital expenditure is included. Costing estimates indicate a 
potential £8,000 increase in net annual income. (Report available from Devon County Council, tel: 01392 
383251)
Blackdown! Hills Sustainable Development Initiative
This project was part o f a wider European Union funded programme looking at ways of promoting 
sustainable development in rural areas. Designed Visions were commissioned in January 1994 to work 
with local people on two related lines of inquiry:
• to develop sustainable agriculture farm strategies;
• to develop a local process for sustainable development in a community.
Much o f the work was focused on the Hemyock area.
The project worked closely with the production of the management plan for the Blackdown Hills Area of 
Outstanding Natural Beauty and Rural Development Area. The final report was produced in February 
1996 and contains three ferm designs, an assessment of the local community activity and proposals for the 
next steps (available from Devon County Council tel: 01392 383251). It is now intended that the support 
o f funding organisations should be gained to take these actions forward. The reference group of local 
people that guided the project has since formed the Upper Culm Sustainable Communities Group which is
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now actively engaged in Local Agenda 21 work.
Local Food Links
Devon County Council submitted an application for European Union Objective 5b funding for this project 
in August 1995, having worked closely with the Soil Association to develop a scheme to increase the 
number of local producers directly marketing to local consumers via farm box schemes. The project would 
aim to work both with existing farm box businesses to help to achieve economies o f scale and co-operative 
working and would also aim to help establish a further fifteen businesses. It is estimated that this would 
create around seventy jobs and give over 5,000 households the opportunity to purchase local fi*esh produce 
on a regular basis.
The local farm box schemes have he^ed to illustrate the wide range of benefits that can come firom the 
application of sustainabihty principles. The local food links project has helped to highlight and quantify 
these benefits, and aims to expand them A feasibility study and detailed justification report have been 
produced to support the application (available from Devon County Council, tel: 01392 383251). At the 
time o f writing (May 1997) decisions are awaited from funding bodies.
Devon Sustainable Agriculture Partnership
Over seventy organisations with an interest in agriculture in the County are represented on this group. 
Established in June 1996, priority issues have been established and lines o f communication opened up 
among a wide range o f public, private and voluntary organisations. A 'first step' project has been developed 
to audit relevant research and good practice and to assess the feasibility o f a range o f fiirther initiatives. An 
application for European Union Objective 5b funding was made in February 1997 and a decision is 
awaited. A directory o f existing sustainable agriculture projects has also been produced, and the project 
has developed greater awareness of the economic and environmental benefits which come with sustainable 
agriculture.
Unexpected outcomes
The partnerships which have been formed are much more wide-ranging than was initially expected - the 
project originators have &iled to find anyone who doesn't want to participate. Given the spectrum of 
organisations involved, it has also been surprising to find a consensus on the need for change in the way 
everyone operates.
RESOURCES AND MANAGEMENT
Human resources
Time on the part of County Council officers, statutory agency officers, university staff, volunteers 
(including farmers, community members) and NGO officers was the main human resource input.
Funding and expenditure
The project has been funded under a number of schemes. EU LIFE and Objective 5b fimds have been 
combined with funding from the County and District Councils, the Rural Development Commission and 
the Ministry of Agriculture, Fisheries and Food. The money has been spent on the employment of
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consultants, community development work, practical work on farms, the production of manuals and 
guides, presentations and seminars. Applications for larger scale projects are pending.
Project management
The Devon Sustainable Agriculture Partnership (DSAP) is becoming the leading body behind the various 
projects underway. This includes the Ministry o f Agriculture, Fisheries and Food, the National Farmers 
Union, small farmers' groups and other NGOs, universities, women's farming groups. Young Farmers, 
agri-businesses, tenants' associations and land owners. Previously, the Environment Co-ordinator of Devon 
County Council was the initiator of most actions, with guidance from networks and contacts. Some 
projects within the overall programme are developing their own management system; the Blackdowns Hills 
work had a reference group of local people to guide it. Such involvement has been crucial to the success oi 
the programme, and projects are now being designed to involve more people directly.
Measuring success
Success is currently measured by the levels o f participation in the programme. Ultimately it will be 
measured through positive change in local indicators o f sustainability.
Problem areas
Time and money have been the main problems. Involvement by the co-ordinator has required juggling of 
time commitments. Generating adequate funding has required a close examination o f external funding 
criteria, and endless lobbying and networking.
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Devon Local Food Links Project APPENDIX 4.0
Devon Food Links -  project summat
Devon Food Links 
Project Summary
The Devon Food Links project aims to promote sustainable rural development by:
• increasing local food production for local consumption;
• developing local marketing opportunities for local producers;
• promoting organic production to meet local demand;
® encouraging value added production.
The benefits delivered by the project will be:
• creation and protection of rural employment;
• increased value of sales to the producers;
• increased opportunities for young entrepreneurs in agriculture and horticulture;
• retention of money in the rural economy;
• encouragem ent of healthy eating throughout the community, including disadvantaged 
groups;
The specific minimum outputs to be delivered by the project are as follows:
® 82.25 full time equivalent (PTE) created (50% under 40 years old)
® 24.5 PTE jobs safeguarded 
® 9,100 customers
® 500 households in need helped with diet improvement 
® 164.5 hectares of land in organic conversion 
® 189 people trained to NVQ level II 
® 2 Farmers Markets 
® 1 Farmers Market association
® 20 village shops selling produce from a  total of 50 producers 
® 25 farm box schem es 
® 8 community organisations supported 
® 3 producers aided to add value to local produce 
® 1 Producer Co-operative
® Visual materials for generic promotion a t shows etc.
® 18 visits to shows, events etc. for promotion 
® 12,000 newsletters distributed, including healthy eating advice 
® 10,000 leaflets distributed
The area of benefit will be the parts of Devon designated by the European Union as 
eligible for funding under the South W est Objective 5b programme from 1994 - 1999. Thi 
includes much of the northern, western and som e of the southern parts of rural Devon.
The history of the project is a s  follows: the project has been developed by Devon Count 
Council and the Soil Association. An original application for EU Objective 5b funding wa 
m ade in August 1995. A feasibility study w as undertaken between October and 
November 1996. A reapplication was m ade in February 1997. An offer letter of was 
received in July 1998.
The duration of the project will be three years 
The expected start date is Septem ber 1998.
The expected finish date is 31®^  August 2001.
Devon Food Links -  project summary
The project links and compliments other 5b, LEADER II and Rural Development 
Programme funded projects, notably Horticulture 2000 (H2000), South Hams Organic 
Producers (SHOP), Go Organic South W est (GOSW), Devon Community Enterprise Unit 
(DCEU), Devon Village Shops Capital grant project, T aste  of the West/Westcountry 
Cooking/South W est Food Links and a num ber of training schem es. This project is 
specifically targeted at smaller scale production and marketing within Devon.
The project will have 5 areas of activity:
Business development specialist services, training, mentoring and advice.
Promotion and Marketing: leaflets, displays, newsletters, advertising, advice.
Access to Land: securing farm businesses tenancies, 75% rent subsidy for first 2 years. 
Grants: grants up to 50% for capital expenditure.
Producer co-operation: establishment of producer co-operative.
Organisation: financial and project m anagem ent, equipm ent and administration costs.
Output Cost
Business development 6 horticulture sem inars 
6 business sem inars 
210 days mentoring 
35 new businesses 
registered
£143,390
Promotion and Marketing 12.000 newsletters
10.000 leaflets
30 days marketing advice 
14 days hire of displays
£19,300
Access to Land 42 business tenancies 
164.5 Ha. Rental cost 
subsidised by 75% for 2 years
£97,781
Grants cost of capital investment £621,999
Producer co-operation establishment and operation 
of producer co-operative
£15,000
Organisation financial and project 
m anagement, equipm ent 
and administration costs.
£72,450
TOTAL COST £998,990
The project’s income will be as follows:
Private sector £376,949 38%
Local public sector £120,918 12%
MAFF £160,635 16%
EU Objective 5b (EAGGF) £340,487 34%
TOTAL INCOME £998,990 100%
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Devon Food Links - project summar^
The project partners are:
• Devon County Council
• Soil Association
• Existing local businesses
• Community enterprise organisations
• North and East Devon Health Authority
• South and W est Devon Health Authority
• Mid Devon District Council
• W est Devon Borough Council
• Rural Development Commission
• Other organisations who may join during the project period (e.g. other District Councils 
The project will be managed as follows:
• Devon County Council is the accountable body and will hold the project budget and 
authorise expenditure.
« A steering group of project partners will advise the County Council on the project 
expenditure.
® Contracts will be let by the County Council for the provision of: 
project management, development and administration services, 
specialist business advice and training,
iii. marketing and promotion advice and services,
iv. land agency services,
A full time project m anager/business advisor and a  half time project assistant will be 
employed by the contractor identified in i. above. The two staff will be based in offices tc 
be identified, possibly in existing public offices in the 5b area or Exeter.
For further information contact:
Ian Hutchcroft 
Environment Directorate 
Devon County Council 
County Hall 
EXETER 
EX2 4QW
T 01392 382245
F 01392 382135
E ihutchcr@env-dept.devon-cc.gov.uk
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